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INTRODUCTION 
"The Economic Value of Natural Areas for Recreational Hunting" is 
based on research performed as part of a project entitled "The Economic 
Impact of Flood Control Reservoirs" (OWRR Project No. A-006-KY) sponsored 
by the University of Kentucky Water Resources Institute and supported in part 
by funds provided by the United States Department of the Interior as authorized 
under the Water Resources Research Act of 1964, Public Law 88-379. The 
study is particularly indebted to the help provided by Mr. James S. Durell 
and others in the Kentucky Department of Fish md Wildlife who provided the raw 
data and much helpful advice to make the study possible. The statistical 
analyses made use of the library programs and other facilities of the 
University of Kentucky Computing Center. 
The overall research project is examining the economic consequences 
which resulted from the construction of four existing reservoirs with the goal 
of formulating improved techniques for the planning and economic evaluation 
of projects to be built in the foture. This is the tenth in a series of fourteen 
reports on project findings and deals with the economic value of recreational 
hunting in natural areas. The investigation was based on 2, 215 interviewed 
hunters from all 120 Kentucky counties and employed a gravity type model for 
modelling the number of hunters going to a givc,1 area and estimated the 
economic value attached by the hunters to their hunting experience from their 
iii 
willingness to incur the cost of travel to enjoy it. Separate model parameters 
for estimating number of hunters and economic value were derived and are 
tabulated for seven species groups. The study concludes with a numerical 
technique for estimating annual hunter-days and the economic value associated 
with recreation hunting anywhere in Kentucky. 
Any comment the reader might have on the research problem, the approach 
described in this report, or the findings described is encouraged and should 
be directed to L. Douglas James, Project Director. 
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ABSTRACT 
Tlle pressures of population growtll, urbanization, and improved trans-
portation are diminislling tlle availability of quality naturalistic sites for 
recreation wllile at the same time producing greater demands for tlleir use. 
One cause contributing to the reduction in acreage in naturalistic areas is tlle 
construction of reservoirs. The recreational llunting value of tlle naturalistic 
area to be inundated sllould be considered as a negative consequence in tlle 
economic evaluation of a proposed reservoir site. 
Tllis study utilized hunting data collected by tlle Kentucky Department of 
Fish and Wildlife, from tlle 120 Kentucky counties to estimate tlle economic, 
value of the average llunter-day associated witll seven selected species groups 
(squirrels, rabbit, bobwllite, farm menace, sectional winged, deer and 
waterfowl) in each of tlle counties. 
Tlle study sougllt to develop a metllodology for estimating average annual 
values of (1) tlle number of recreational llunters and (2) tlle economic wortll of 
their hunting. The gravity model was developed into a form applicable to the 
estimation of average annual hunter-trips as a function of distances from tlle 
site to surrounding population centers. Tlle economic value of a llunter-trip 
was implied from tlle visitation estimation equation by converting distance to 
economic units. Parameter values for use in tlle model were estimated from 
tlle available data and tabulated. 
Tlle metllodology was applied to Rougll River Reservoir, whicll inundated 
5, 100 acres in Western Kentucky in 1960. Tlle average annual recreational 
llunting value lost was $2, 327 just under $330/year per square mile. Values 
per llunter trip ranged from $1. 13 for squirrel to $2. 89 for deer. Tlle annual 
number of llunter·-trips was estimated to be about 1 70 per square mile, almost 
llalf for rabbits. 
v 
• 
TABLE OF CONTENTS 
INTRODUCTION 
ABSTRACT 
LIST OF TABLES 
LIST OF ILLUSTRATIONS. 
CHAPTER 
I. THE ECONOMIC VALUE OF NATURAL ENVIRONMENTS. 
Background . 
Trend in Recreation Pressure 
Population Expansion . 
Urbanization Expansion . 
Leisure Time Increases • 
Transportation Improvements 
Real Income Increases 
Outdoor Recreation Increases 
Water Oriented Outdoor Recreation Facilities . 
Outdoor Recreation and Water . 
Recreation and Manmade Waterways . 
Economic Factors in Project Planning . 
Project Consequences - Positive and Negative 
Nature of Lost Values. 
Factors Affecting Magnitude of Lost Values 
Purpose of Study. 
Scope of Study 
Related Researcl:t 
The Applicability of Economic Analysis to 
Decision Making . 
Example Application to Reservoirs 
Application to Facility Planning 
Basic Survey Data . 
Example Application to Fisl:ting Streams 
Tennessee Survey Data 
Evaluation of Natural Areas 
Personal Value of Real Property 
Land Use Cl:tanges Around a Reservoir 
Intangible Values 
vii 
,. iii'" 
v, 
xi 
xiii 
1 
1 
2 
2 
2 
3 
3 
4 
4 
4 
4 
5 
i. 
7 
7 
9 
l(j 
11 
12 
13':z 
14 
14 
15 
16 
16 
1,; 
1,; 
18 
19> 
II. EVALUATION OF AVAILABLE HUNTING DATA. 22, 
Data Requirements 22' 
Source of Hunting Data 2a 
Background of Survey . 23' 
Characteristics of Data Cards 24 
Sampling Procedure 26 
Evaluation of the Survey . 27 
Form of Data Obtained 32' 
Summary . 32 
III. MODEL FOR ESTIMATING VISITATION AND BENEFITS 34 
The Gravity Model . 34 
Estimating Number of Hunters • 35 
Trips by an Individual to a Spot 35 
General Individual Model . 36 
Geographically Aggregated Model . 40 , 
Adjustment of Aggregated Model 44 
Estimating Hunting Benefits . 4d 
Value of a Hunting Area to a Population . 47 
Unit Economic Value per Hunter Day. 50 
Total Economic Value of a Hunting Area 51' 
Total Economic Value of a Hunting Area 
(Estimated from Collected Data) 52 
Summary . 52 
IV. DATA COMPILATION. 54 
Introduction . 54 
Species Grouping 5(j 
Compilation of Hunting Data 57 
Compilation of Mileage Data 58 
Hunting Data Expanded 58 
Evaluation of Mileage Costs 59 
Approach . 59 
Numerical Evaluation . 61 
Cut-Off Distance 63 
Data for Evaluating KPI and K AJ 65 
' 
Origin Area Characteristics 66 
Hunted Area Characteristics 67 
Summary . 68 
v!ii 
v. 
I • 
VI. 
VII. 
ESTIMATION OF QUARTILE PARAMETERS 
Introduction 
Index Unit Values 
Quartile Parameters 
County Grouping 
Regression for Quartile Parameters . 
75 
75 
75 
77 
77 
78 
Average Distance 80 
Relationsb.ip Among Parameter Values 83 
Sample Estimate of County Index Value Per Hunter Trip 83 
Expanded Trips . 84 
Index Unit Value 84 
ESTIMATION OF COUNTY PARAMETERS . 
Introduction 
County Index Unit Values 
County Values of U AJ and N AJ . 
Evaluation of K . 
Implied Values of K AJ 
Regression Model 
Selected Independent Variables. 
Computerized Regression Analysis 
Transformed Variables 
Selected Values for K 
Final Visitation Prediction Equation 
SUMMARY AND APPLICATION 
Procedural Summary . 
Evaluation of Results . 
Example Application of Metb.od 
Rough. River Reservoir 
Data for the Example 
Calculations for tb.e Example 
Estimates over the Project Life 
Discussion of tb.e Example 
Procedure for Applying tb.e Metb.od 
Additional Research. Possibilities 
Conclusion 
BIBLIOGRAPHY 
ix 
86 
86 
86 
88 
89 
90 
90 
106 
107 
109 
109 
110 
115 
115 
117 
118 
118 
120 
122 
123 
125 
125 
126 
129 
130 
LIST OF TABLES 
Table Page 
I Definition of Species Groups 56 
II County Accessory Data . 69 
III Parameter Values by Quartile 81 
IV Unit Values and Corresponding N Values 
(By County Hunted and Species) 91 
v MULTR-Method I--Order of Regression for KA 
for Squirrels . . . . . . . . . . 111 
VI MULTR-Method 11--0rder of Regression for KA 
for Squirrels • . . . • . . . . . . 111 
VII MULTR-Method !--Order of Regression for KA for 
Squirrels Using Log Transformation . . . 112 
VIII MULTR-Method 11--0rder of Regression for KA for 
Squirrels Using Log Transformation . . . . 112 
IX Mean Value of K for Each Species Group 113 
x Rough River Reservoir Estimation Summary. 121 
Figure 
1 
2 
3 
4 
5 
6 
7 
8 
LIST OF ILLUSTRATIONS 
Hunting Survey Data Card . 
Sample Completed Data Card . 
Kentucky Hunting Survey Regions 
Consumers' Surplus Curve. 
Linear Regression Using First Quartile Squirrel Data 
Plot of .Quartile Unit Values vs. Gravity Model NQ 
Plot of Quartile Unit Values vs. Gravity Model KQ 
Rough River Reservoir Vicinity Map 
xiii 
Page 
25 
28 
30 
48 
79 
82 
85 
119 
CHAPTER I 
THE ECONOMIC VALUE OF NATURAL ENVIRONMENTS 
BACKGROUND 
A pb.enomenal increase in participation in outdoor recreation is occurring. 
Each. year, many more people want to use natural environments for recreation 
purposes and many otb.ers wish. to preserve th.em for estb.etic or ecological 
reasons. Tb.e resultant demand for tb.e preservation of large acreages in tb.eir 
natural state is often in direct conflict with. demands for use of tb.e same space to 
provide otb.er human needs. Tb.e problem is intensified as natural areas are 
taken for otb.er uses and tb.ose remaining become more scarce. Even wb.ere tb.e 
area is not directly taken, tb.e nearby construction of factories, b.omes, or 
b.igb.ways destroys many of tb.e qualities people seek from recreation in a natural 
environment. 
Sometimes, the natural environment is sacrificed to supply needs wb.icb. 
are also recreational, or at least partially recreational, in cb.aracter. Water 
resources development is a prime example. A reservoir provides an 
opportunity for a number of lake-oriented recreational activities wb.ile destroying 
tb.e opportunity for otb.er activities oriented toward natural areas such as 
b.unting in tb.e bottomland and stream fisb.ing. 
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The decision on whether or not to build a given reservoir must consider 
both gains and losses. The economic feasibility of a reservoir project depends 
on the value lost by inundating a natural area as well as on the benefits gained 
through flood control, water supply, recreation, or achieving other project 
objectives. This study is specifically concerned with the economic value of the 
hunting opportunity lost as natural areas are destroyed. 
TREND IN RECREATION PRESSURE 
The greater competition for space between recreation and conflicting 
activities is intensified by the many forces interacting to increase participation 
in outdoor recreation. Analysis of the situation can well begin with a review of 
these forces. 
Population Expansion: The population of the United States has doubled from 
105 million in 1920 to over 200 million people. Projections to the year 2000 
indicate that the 1920 population will triple to reach over 300 million (6, p. 1). 
An expanding population increases the demand for outdoor recreation while at 
the same time reducing the supply of suitable areas by using more land for 
other purposes. 
Urbanization Expansion: Since 1920, the percentage of the population that resides 
in urban areas has increased by over 25 percent with 1970 urban residents 
representing about 70 percent of the national population. Projections for the 
year 2000 indicate approximately 85 percent of the national population will be 
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urbanites. City dwellers must travel to enjoy outdoor recreation in a natural 
area. They must rely more than rural people on lands open to the public. 
Urbanization also intensifies the physical and psychological strain on individuals 
and hence may increase their need to seek relaxation through outdoor recreation. 
Leisure Time Increases: In 1900, the average individual (including women, 
children, and the elderly) spent 13 percent of his time working. By 1950, the 
percentage had decreased to 10, and the figure projected for the year 2000 is 
about 7. While the percentage of time spent working decreased, leisure time 
increased. In 1900, leisure time was 27 percent; by 1950, it increased to 34 
percent; and it is projected to increase to about 38 percent by the year 2000 (6, 
p. 22). 
Transportation Improvements: Since the turn of the century, advances in 
automotive propulsion and the construction of an accompanying highspeed high-
way system have opened many previously inaccessible natural areas to the 
public. The United States had only 150, 000 miles of surfaced roads in 1900. 
The Federal Road Act of 1916 and the Federal-Aid Highway Act of 1956 have 
supplemented state and local government efforts in building 3. 64 million miles of 
roads and streets by January, 1965, which includes 2. 73 million miles of surfaced 
roads (12, pp. 56-68 and 13, pp. 163-165). The introduction of the family car 
and a network of high speed highways has produced a much more mobile 
population and provided access to all but the most remote natural areas. 
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Real Income Increases: During the period between 1900-1950, real income per 
capita (measured in constant dollars) increased by about 150 percent; and by 
2000, real income is expected to increase at least another 150 percent. As 
incomes increase while the amount of time available to an individual remains 
constant, the value an individual places on his time is forced up. In order to 
prolong their active recreation experience, many more people will be willing 
and financially able to increase their expenditure for rapid transportation to 
distant recreation areas (6, pp. 24-25). 
Outdoor Recreation Increases: A person tends to spend more leisure time in 
outdoor recreation as he can afford to travel greater distances and as blocks 
of leisure time available to him become longer. As lesiure time and real income 
increase, outdoor recreation grows even more rapidly (6, pp. 24-25). 
WATER ORIENTED OUTDOOR RECREATION FACILITIES 
Outdoor Recreation and Water: Mankind has always had a natural affinity to 
to water. From the early Norsemen through the New England whaler, water 
exploration was a source of adventure. Today, increased population has 
combined with higher incomes and better transportation to reduce the thrill of 
water centered adventure as untried passages are first explored and later 
intensely used. Today, water serves more as a focal point of relaxation than of 
adventure. People like to relax near streams, rivers, and lakes. These 
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waters and their shoreline areas are now being utilized for swimming, fishing, 
b.unting, camping, picnicking and related activities. 
With tb.e transition from an agricultural to an industrial economy, the 
United States b.as experienced a marked decrease in open land, secluded areas, 
free flowing streams, and, in general, a decreased natural area o_utdoor 
recreation opportunity per capita (24, pp, 3-4). Manmade opportunity provides 
a partial substitute. 
Recreation and Manmade Waterways: With. the g,·owtb. of an urban industrial 
economy, tb.e natural stream flow could no longer continuously supply tb.e 
needs of tb.e increasing population for water. Reservoirs were built to augument 
tb.e supply and make it more dependable. In the early days of reservoir 
construction, projects were usually built for a single purpose such as water 
supply, flood control, or b.ydro-electric power. Tb.e trend ever since has been 
toward combining these goals in design, construction, and operation of 
reservoirs in multipurpose projects and in increasingly complex multiproject 
systems. 
As tb.e natural streams and lakes became crowded and polluted, or wb.ere 
they were few and far between, recreation activity sb.ifted to tb.ese manmade 
reservoirs. As more reservoirs became available, more people became 
exposed to the recreation opportunities provided, and usage multiplied. As 
people made more use of reservoir for recreation, pressures developed to 
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operate and improve facilities at existing reservoirs so as to enhance their 
value for recreation. However, reservoirs could best be operated and 
facilities could best be developed to accommodate recreation when recreation 
needs were incorporated in the initial design. When reservoirs were built 
with recreation facilities included, their costs were increased. Since people 
were benefiting from the added facilities, these benefits contributed to the 
economic justification of reservoir costs. 
Legislation has been passed requiring analysis and development, where 
feasible, of recreation potential and the evaluation of recreation economic 
benefits in project feasibility studies, The leading legislation was the Federal 
Water Project Recreation Act of 1965 which specified that any Federal agency 
investigating or planning any Federally supported water resources project 
should give full consideration to any and all possibilities that the project might 
have for outdoor recreation, and for fish and wildlife promotion, and where 
such possibilities were projected and feasible, then the project should be so 
constructed, operated, and maintained (21). 
The required use of recreation benefits in planning Federal water 
resources projects created a dilemma since no agency had a method for their 
evaluation that could really be considered satisfactory. Formulation of a 
satisfactory procedure for evaluating recreation benefits is complicated by the 
fact that recreation is essentially a non-marketable good. Nevertheless, 
numerous studies have worked on developing reliable methods for performing 
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an economic evaluation of the different types of recreation benefits associated 
with water resources projects, and a suitable methodology is gradually evolving. 
ECONOMIC FACTORS IN PROJECT PLANNING 
Project ConsegLiences - Positive and Negative: Project economic feasibility is 
tested by comparing desirable project consequences (benefits) with the sacrifices 
necessary to achieve them (costs). The optimum project size from the economic 
viewpoint is the one maximizing net benefits, but consideration should be given 
to such other objectives as enhanced environmental quality and regional economic 
development (3, pp. 6-7). Many difficult-to-measure items must be considered. 
These may be positive (increased recreation opportunity, improved income 
redistribution, or economic stabilization of a depressed area) or negative (loss 
of a natural beauty spot or an isolated area, flooding of a natural fishing stream, 
or inundation of habitats for a particular species). 
In recent years, methodologies have been hypothesized, tested, and 
utilized for evaluation of many of these consequences. One which has not 
been explored in depth in the literature is the topic of this paper: the economic 
value of a hunting area inundated when a water resources project is constructed. 
In application, the same economic value should pertain to natural areas 
rendered unsuitable for hunting by any other cause. 
Nature of Lost Values: The types of values which may be lost when a natural 
area is inundated by a reservoir, may be placed in four principal categories. 
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These include values once gained from: supplemental food supplied by hunting, 
recreational use for sport hunting (as well as hiking, bird watching, etc.), 
esthetic appeal of the natural countryside, and preservation of rare species of 
flora or fauna in their natural habitats. All four of these values are lost 
primarily by the public as a whole and thus can be contrasted with values 
lost by the individual property owner when his land is taken for right-of-way (14). 
Individual property owners must be compensated for losses (except for 
"personal losses" as will be described later) while the general public need not 
and often in fact cannot be. If only financial expenditures are considered in 
project evaluation, the result is a bias toward building reservoirs in natural 
as opposed to developed areas. Unless the planner also considers the value to 
the general public of the natural area lost, more such areas will be destroyed 
than can be justified by the public interest. It is the purpose of this study to 
contribute to a better understanding of the value inherent in such natural areas 
and how this value varies among settings. 
Because of the diminished game supply, increased population, and 
advanced economic development, few people today find hunting an economical 
means for supplementing their food supply. The major value of hunting is 
gained through the experiences as a form of recreation. The economic loss 
experienced when hunting areas or wildlife habitats are inundated is primarily 
the value of the recreational hunting no longer possible. As such, it can be 
evaluated in much the same way used to evaluate benefits for swimming, boating. 
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and otl:ter reservoir related activities (24). Tl:te value of lost estl:tetics and of 
lost l:tabitats of rare species must be classified as intangible, and no attempt is 
made in tl:tis study to assign monetary value to tl:tese losses. 
Factors Affecting Magnitude of Lost Values: The hunting value lost through tl:te 
construction of a reservoir depends on the size of tl:te area flooded; tl:te intensity 
and geograpl:tical extent of development induced by tl:te project in tl:te proximity of 
the reservoir; and the density of habitation, prior to the project development, 
by species of wildlife desirable for l:tunting. Otl:ter factors may include: tl:te 
accessibility of the reservoir site (could l:tunters reasonably get to the site to 
l:tunt), ownersl:tip of the land (was tl:te land owned by one or many persons and 
did tl:te owners permit general public hunting), degree and type of agriculture 
development of tl:te land (did agricultural use of tl:te land augument or deter 
wildlife), and relative location of the land to urban centers (was tl:te land near 
enougl:t to population concentrations to afford opportunities for urban land owners 
to hunt and not too close for excessive hunting pressure to destroy tl:te quality of 
the experience). 
The economic value of an area for l:tunting depends on the supply (tl:te 
number of comparable alternative sites) as well as tl:te demand. As fewer areas 
are left, tl:te value of tl:tose remaining increases. Tl:te reduction in the quality 
of an area for l:tunting occurs in two basic stages. Some quality (particularly 
with respect to the larger species) is lost when an area cl:tanges from its 
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natural state to agriculture. Additional quality is lost when the area changes 
from agriculture to urban development. It is the intention of this study to take 
the existing distribution of hunting areas by quality as given and not to predict 
how prospective future quality changes may alter estimated hunting pressures 
and economic values. 
PURPOSE OF STUDY 
The economic evaluation of the recreational value of hunting is complicated 
by the number of different methods which have been proposed and used for 
estimating the economic value of the recreation experience. The one chosen 
for application in this study is the Clawson-Hotelling approach based on 
economic sacrifice imputed from travel cost. A basic step in applying the 
method is derivation of a relationship for estimating recreation use as a 
function of required travel distance. When applied to hunting areas, the primary 
data needed to derive the relationship is the number of hunters by species, by 
location of hunting, and by home of the hunter. Suitable available data are 
very limited. The purpose of this study is to take data available for Kentucky 
and use it to synthesize a method for estimating the hunting value lost when any 
tract of open land within the state is inundated or otherwise made unsuitable for 
wildlife. Hopefully, the method will suggest informational needs to produce 
better estimates for Kentucky or to make comparable estimates for other areas. 
It will provide ballpark figures for comparison with estimates made for other 
locations or by other methods. 
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The potential factors which might affect the hunting value lost which can 
be considered in this study will be determined by the degree to which the 
available data reflects the respective variables. 
SCOPE OF STUDY 
The economic justification of a new reservoir is usually based in part on 
the benefits expressing the value of such recreational experiences as swimming, 
boating, fishing, hiking, camping, and picnicking. The point of this study is 
that the net value of the reservoir should not only reflect the benefits 
resulting from the presence of the lake but should also reflect the negative 
consequences resulting from the recreational opportunity lost because of the 
presence of the lake. 
Both lakes and wildlife habitats contribute to the quality of the 
environment. It is not within the scope of this study to weigh the relative 
esthetic and ecological merits of the two types of environment. The primary 
task at hand is to estimate the economic value of a wildlife habitat so that this 
value can be constructed, along with other costs and benefits associated with 
construction of a reservoir, in making planning decisions. A natural area 
attracts hikers and sightseers, who appreciate the esthetics of an area removed 
from urbanization; but the greatest observed active recreational use of such 
areas is for sport hunting (the topic of this paper) and sport fishing (a topic 
covered in a companion report by Bianchi, 5). 
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Tile value of an area for sport llunting depends on the number of hunter-
trips attracted and the unit economic value which can be placed on a hunter-trip. 
Both factors can be expected to vary with the quality of the habitat and the 
nature of the species involved. It was not considered with.in the scope of this 
study to collect original field data. Tile data used to estimate the number of 
hunter-trips to an area were those made available by the Kentucky Fish and 
Wildlife Department from information collected in their past surveys of licensed 
resident hunters. The data permitted an estimate of the amount of hunting by 
species in each of the 120 Kentucky counties by llome county of the hunter. 
The task undertaken was to use the available data to develop a procedure for 
estimating visitation per unit area and benefits derived per visit. Tile goal was 
to employ a metllod which. could be applied to other areas, given suitable data, 
but which in tile context of tile data used would only be applicable to Kentucky. 
RELATED RESEARCH 
The great increase in demand for outdoor recreation facilities and 
tile pressures to use available resource development funds wisely have 
prompted law makers to sponsor numerous research projects on now to 
promote optimum utilization of natural areas. Outdoor Recreation Research. 
(1967), a catalog prepared by the Science Information Excllange of the 
Smithsonian Institute and sponsored by the Bureau of Outdoor Recreation, 
Department of the Interior, summarizes over 300 individual projects of ongoing 
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research in outdoor recreation. The projects described in the catalog illustrate 
the extent of research in this field. The specific publications described below 
expose the reader to the issues and viewpoints which are most relevant to the 
economic evaluation of recreational hunting in the context of this report. 
The Applicability of Economic Analysis to Decision Making: In their book, 
Economics of Outdoor Recreation, Clawson and Knetsch (6) discuss the guidance 
economic analysis can provide in resolving the significant policy issues related 
to outdoor recreation and present problems which require additional study. 
They note that even though a great deal of study has been given to various aspects 
of recreation, there has been far too little analysis of outdoor recreation in terms 
related to planning; to making decisions, particularly decisions on how to use 
scarce resources to obtain desired goals and objectives; and to facility 
management (p. 45). They stress that economic analysis can provide real help 
in overcoming this deficiency as it is largely a study of human reactions, actions, 
and choices. It deals with the implication of subjective evaluations and intrinsic 
characteristics of recreation sites and experiences, not as such, but in terms of 
how such things affect what man does or is willing to do. Economic comparisons 
deal with physical and other characteristics of goods and services only to the 
extent that these affect human decisions (p. 45). They refute the argument that 
it is impossible to measure the economic worth or value of either the recreation 
experience as such or the recreation site with the statement: 
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the personal values of recreation are reflected by what people 
are willing to give up to obtain them. Indeed, nearly any good 
or service has satisfying qualities which are highly particularized 
and almost completely personal and varied. However, the 
economic system takes account of these varied satisfactions, 
arrives at prices for individual goods and services, and gives 
order to the whole structure. . . Economic analysis is as 
applicable to outdoor recreation as it is to any other income-
spending activities. It is a particularly useful vehicle for 
focusing on two important aspects of outdoor recreation; the 
question of worth or values, and the determination of patterns 
or regularities (pp. 45-46). 
Example Application to Reservoirs: In an earlier report in this series, Tussey 
developed a visitation prediction equation which could be used to estimate 
annual visitation and recreation benefits for two Kentucky reservoirs (24). He 
employed the method, which had been advocated and applied by Clawson and 
Knetsch in other studies, of implying benefit received from observed willingness 
to travel. However, he applied out-of-the-way rather than total travel distance 
in determining a cost of travel for use in benefit estimation. 
Application to Facility Planning: In another earlier report in this series, 
Sirles (22) applies marginal economic analysis to reservoir planning to determine 
the optimum degree of recreation development. For each increase in degree 
of development of a reservoir, there is a corresponding increase in cost. 
Development of a reservoir should be increased only to the point where the 
additional cost for the increased development equals the benefits coming from 
that increased development. Sirles used costs and benefits to determine the 
- 14 -
• 
• 
optimum degree of recreation development of a reservoir whereas this report 
seeks to determine a method for evaluating one of the adverse consequences 
associated with reservoir construction. 
In order for a particular facility to be included in the development of a 
recreation reservoir, the benefits derived from its inclusion should exceed the 
cost of including it (15, p. 823). Where some components of a large water 
resources project conflict more than others with the enjoyment of natural 
areas, it is possible for the project as a whole to be economically justified 
even though such components may not be. 
Basic Survey Data: Americans spend a great deal of time and money and 
travel many miles to participate in sport fishing and hunting. Participants 
enjoy the esthetic value of natural surrounding as well as the sporting 
experiences. However, precise information is needed on usage and 
expenditure patterns to plan for future needs. The U.S. Department of 
Interior, Bureau of Sport Fisheries and Wildlife sponsored a study, National 
Survey of Fishing and Hunting - 1965 (25), to obtain data which could be 
utilized in developing an improved allocation of our natural resources. 
Preceding studies were performed in 1955 and 1960. Each study presented 
updated aggregated statistics on numbers of fishermen and hunters (by 
various categories including place of residence, income, occupation, license 
status, etc.), how much they spent, and how many miles they traveled. Such 
information provides a basic data source for studies such as this. 
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Example Application to Fishing Streams: Concurrent with this study into the 
economic value of open areas for recreation hunting, Bianchi studied The 
Economic Value of Streams for Fishing (5). His study involved the collection 
of Kentucky data to be utilized to deduce the economic value of a day of stream 
fishing and to estimate the annual stream fisherman-days per mile of stream. 
As is the case for natural habitats, the economic value of fishing streams in 
also lost when areas are inundated by reservoir construction. Bianchi also 
used an analytical procedure based on visitor estimation and benefit implied 
from travel cosL He correlated annual fisherman-days with stream order and 
found benefits per fisherman-day to vary with location within the state. 
Tennessee Survey Data: Sport hunting and fishing is a big business and can 
have a major economic impact on a local area. In order to provide a handle 
for estimating the value of wildlife habitats in terms of the amounts of hunting 
undertaken and expenditures made the Tennessee Game and Fish Commission 
sponsored the study, Tennessee Survey of 1961 Hunting and Fishing (19) based 
on data collected from telephone subscribers. The Tennessee Survey tabulated 
hunting trips, kills, and hunter expenditures by section of the state by species. 
The estimates of economic value were based on expenditures. They are more 
appropriate for determining the role of sport hunting in the local economy than 
for helping in planning decisions, the goal of this study. 
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Evaluation of Natural Areas: Dearinger (7) studied tb.e economic benefits 
tb.at could be derived from tb.e preservation of natural areas in tb.e proximity of 
a small stream and their employment for recreational purposes. Urban 
development of such an area woold make it unsuitable for nature oriented 
recreation and estb.etically less attractive. To quote Dearinger, 
The purpose of tb.is study was to find a way to evaluate tb.e 
estb.etic and recreational potential of small streams and 
tb.eir watersb.eds.. Research. was limited to naturalistic 
streams witb. drainage areas under 100 square miles and 
located with.in 25 miles of a city. · A metb.odology, based on 
some previous work of tb.e U.S. Soil Conservation Service 
and tb.e principles or .concepts of .terrain analysis, land use 
planning, value judgment pb.ilosopb.y and tb.e economics of 
outdoor recreation, was developed (p. v). 
The key differences between Dearinger's work and tb.is study relate to 
his empb.asis on tb.e factors whicb. attract visitors to natural areas and b.is 
consideration of multiple use of limited areas as contrasted witb. sport b.unting 
over large areas. 
Personal Value of Real Property: Even tb.e private component of tb.e value 
of real property taken tb.rougb. forced sales for public purposes includes 
elements whicb. aremot included in market price. Tb.e full value of real 
property lost to project construction tb.us includes, tb.e market value, tb.e 
personal value appreciated by tb.e old but not by a prospective new owner, and 
tb.e values to nonowners as a group (one of wh!cb. is considered in this report) . 
A previous study in tb.is series produced a metb.od for estimating tb.is 
- 17 -
personal value and recommended its use in project economic analysis. The 
personal value and the public value estimated in this study are often omitted in 
project economic analysis, but both should be considered in determining the 
economic value, as contrasted with the financial cost, of right-of-way. To 
quote James (16, p. 370): 
By the analysis of data collected from three reservoirs constructed 
by the U.S. Army Corps of Engineers, a method was developed for 
estimating the personal value of real estate (the value the property 
has to the owner in excess of what he can get for it in the market). 
The personal value results from the relationship developed over 
time between the owner, his land and his community. Since this 
value is real to the owner in that it makes him an unwilling rather 
than a willing seller and since it is a value lost by the owner in a 
forced sale of his property, it is a legitimate economic cost and as 
such should be included in the economic evaluation of public works 
projects. 
Land Use Changes Around a Reservoir: The full impact of a reservoir on a 
local economy may not be experienced until years after the impoundment of 
water. Recreation oriented development surrounding the lake may slowly alter 
the local economic structure. Such development may degrade the natural 
environment and decrease its esthetic value. The cumulative loss of wildlife 
and fish due to a changed habitat may not be realized for two to ten years, and 
the time required for peripheral development to change the habitat may be 
even longer. 
From the local point of view, reservoir oriented growth works to offset 
the decrease in property tax revenue for the local government caused by the loss 
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of land to right-of-way. A previous study (29) had shown the value of real 
property to be increasing significantly faster in the counties where the lake was 
situated than in the nearby counties, but county-wide data is averaged over too 
large an area to confidently say exactly what was happening. Prebble (20), 
using Lake Cumberland as an empirical data source, looked at changes in land 
use in the immediate proximity of the lake. The land use changes were noted 
from aerial photographs for the years 1938, 1951. 1960, and 1967, and correlated 
with physical characteristics of sites around the reservoir periphery. The 
results could potentially be used to generate a general model for simulating 
land use changes around a new reservoir, If such a model were developed, it 
could be used to ascertain the effect of reservoir construction on the wildlife 
habitats in surrounding areas. 
Intangible Values: The continuous alteration of the country-side as urbanization 
and industrialization expand their present boundaries has resulted in a cry of 
alarm from conservation minded citizens. On the national level, the Wild 
Rivers Act along with other conservation acts have established a program 
whereby selected areas are designated as "National Areas" and are preserved 
in their naturalistic state. A study sponsored by the Arkansas Planning 
Commission, Stream Preservation In Arkansas (3), entailed an in-depth look 
at five streams within the state which were considered as unique and having 
scenic, esthetic and historical virtues well worth preserving in their natural 
conditions. 
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This study suggests that the economic evaluation of an unaltered natural 
area.is too often based on present day needs and knowledge when these may be 
insufficient for the people who will be living in the future, To quote, 
With the powers we have at our finger tips, we have pushed 
over forests, drained vast acreage of wetlands of importance 
to wildlife and its habitats, and converted unique and meandering 
rivers into straight and muddy ditches or deep fluctuating lakes, 
covering rich valleys and beautiful scenery. These powers 
have often produced new wealth and new capabilities, but have 
ignored other fundamental humart' needs and the changing . 
1:itnes: Along with the gains we have substained losses. We 
have followed limited or single purposes.,. failing to. :recognize the 
full scope of our needs and desires· until many values in our 
world have been brought to the point of extinction (p, 1). 
, .. free-flowing streams would incre::ise the. availability of 
"escape" recreation. There is an increasing demand for this 
type of recreation, and it would be a splendid c.omplement to 
the other recreational opportunities . , , 
As the· Population of the U. S. continues to grow and more and 
more streams are diverted or impounded for human use, the 
attractio.ns of free flowing streams will increase. 
It is important to note that free-flowing streams cannot be 
replaced, they m~st be preserved, Once c\estroyed they 
· are lost forever (p. 80). 
Ttie U. S. Bureau of Sport Fisheries and Wildlife performed a regional 
evaluation on the fish and wildlife resources in the Appalachia Region (26). 
Their results emphasize the present and future needs of sportsmen in 
Appalachia and recommend policy changes which }VOul(l.enhance the fish and 
wildlife resources of that area. They found: 
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The most critical problem facing wildlife today is the 
decreasing amount of potential habitat. Acre.age is 
continuously being lost to urbanization, highways, 
industrial sites, and other specialized uses by man. 
For all practical purposes this acreage is fixed and 
there is no way to replace this loss (p. K-30). 
While our research goal requires looking at an aspect of the economic 
loss associated with destruction of these natural areas, it is important to 
recognize that the final decision on whether or not to plan development which 
will overrun natural areas must be based on consideration of a much broader 
range of values. 
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CHAPTER II 
EVALUATION OF AVAILABLE HUNTING DATA 
DATA REQUIREMENTS 
Tl:te basic data requirement for estimating economic value is information 
on quantities individuals would be willing to buy at various prices. Tl:te price 
to enjoy l:tunting in natural areas is largely paid for transportation to the site. 
The basic demand curve can be derived from information on the geographical 
distribution of the homes of tl:tose hunting a given area. Tl:tus the information 
required to quantify hunting pressures and associated economic values 
throughout Kentucky is the distribution of the home areas of those hunting a 
large number of natural areas. A suitable aggregated form would be the 
number of hunters by home county hunting in each county. Data of this type 
was sougl:tt for this study. 
SOURCE OF HUNTING DATA 
Fortunately, the Kentucky Department of Fish and Wildlife, Frankfort, 
Kentucky, was able to supply data which could be used to estimate numbers of 
hunters by home county and county hunted. The hunting data were obtained for 
use in tl:tis study in the same raw state as they had been collected directly 
from the l:tunters. The year of data used was the most recent year of a survey 
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initiated in 1961 to cover hunting year 1960 and then repeated annually to cover 
hunting years 1961 through 1963. It encompassed hunting during the hunting 
year 1963 (defined as March 1, 1963, through February 29, 1964). 
In 1965, the survey was replaced by a telephone survey (1 7) similar to the 
one used in Tennessee as described by Legler (19) and utilizing a model 
developed by the Institute of Statistics at North Carolina State College. The 
new type of survey was better suited to the purposes of the Department of Fish 
and Wildlife, but it did not provide data suitable for this study. 
Time limitations associated with the difficulty of analyzing the great 
bulk of recorded data required selection of just one of the four years. 
Assumptions that the data gathering technique would improve with time and that 
the most recent year would most closely represent current conditions dictated 
selection of 1963. 
Background of Survey: The Department of Fish and Wildlife instigated these 
surveys to help Departmental planning and budgeting. Fish and Wildlife 
agencies must compete with other agencies for operating and research funds, 
and their budgetary request are best substantiated by documentation showing 
how expenditures are necessary to retain good wildlife habitat against hunting 
pressures and the inroads of ciYilization (19, p. 5). Better data on the 
extent, location, and nature of sport hunting activity provide an important 
ingredient of the documentation needed to budget Departmental efforts. 
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Between the 1957 and 1966, the number of hunting licenses sold in 
Kentucky decreased while the population was increasing (10, p. 12). A factor 
contributing to this trend was the decline in 'open-land' available to the general 
public for hunting (10, p. 1). 
The two major problems limiting hunting opportunity are: 
(1) land not available to hunting due to posting or inaccess-
ibility, and (2) land that is open to hunting, but is not 
producing wildlife to its fullest potential (26, p. K-30). 
As nearby urbanization has brought increased pressure on the use of 
rural land, friction has developed between urban hunters and landowners. The 
result has been a sharp increase in the acreage of posted land as farmers 
contend that they must post their lands for self preservation. A factor on the 
other side has been the U.S. Department of Agriculture's policy of subsidizing 
conversion of agricultural land to land that will provide a favorable habitat for 
wildlife (10, p. 1). Yet the decrease of habitatable land for wildlife is 
accelerating due to modern farm practices of weed control, clean farming, 
and woodland grazing (26, p. K-31). The net result has been a loss of 
hunters because of the declining availability of land where hunting is permitted 
and wildlife to kill. Reliable hunting survey data is used by wildlife experts to 
better assess the situation and recommend appropriate action. 
Characteristics of Data Cards: Figure 1 shows a sample data card used by 
the Kentucky Department of Fish and Wildlife and provided to this study. 
When filled out (Figure 2), the card identifies the hunter and his home 
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I 
I 
I 
0 0 0 0 ooo 00 ooo 
HUNTER'S REPORT OF GAME KILLED 
O Name of Hunter ----------------
O Address 
O County 
No. Killed No. Times Hunted 
0 Gray Squirrel 
0 Fox Squirrel 
0 Rabbit 
0 Bobwhite q 
0 Groundhog 
0 Dove 
0 Raccoon c 
0 Deer 
Q Ducks 
0 Coots 
0 Geese 
0 Crow 
0 Ruffed Grouse g 
0 Fox 
0 Woodcock 
O How many times did you hunt in your home county? __ _ 
O How many times did you hunt in other counties?----
O What is your telephone number? __________ _ 
O Please list the counties and other states in which you hunted. 
FIGURE 1: Hunting Survey Data Card 
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county, the number of kills and trips by species, the number of times hunted in 
other counties, the hunter's telephone number, and the names of the counties 
and states he hunted. 
The holes along the left edge of the card were used to separate the positive 
reply cards from the zero reply cards. A positive reply was one that showed 
one or more times hunted for a particular species. When a hunter replied 
positively to having hunted a particular species, the survey personnel would 
cut out the edge of the card (see Figure 2). This enabled them to protrude a 
wire-like tool through a group of cards and shake out those that contained 
positive replies for that species. 
The holes along the top edge permit the data to be coded by 
geographical area. The state was divided for the original survey into the 
four regions representing the four Weather Bureau Divisions for Kentucky 
(Figure 3). Since there are too many counties in Kentucky for the number of 
holes which can be punched on the top edge of the cards, the home county coding 
was only within the survey region. The home county coding was achieved by 
cutting out the edge of the card at the particular hole or combination of holes. 
Sampling Procedure: When the survey began, the conservation officer of each 
county was instructed by the Kentucky Department of Fish and Wildlife to 
obtain from the county clerk the name of all licensees whose hunting license 
number ended in specific digits (e.g. , for Pike County with 4889 hunting license 
sold in 1959, the officer was to check all licenses ending in -351, -651 and -951; 
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a total of 14). The group of digits for each county were picked at random, but 
the relative fraction of the licensed hunters sampled turned out to vary greatly 
from county to county. In subsequent years, sampling adjustments were made 
which expanded the sample size and made it relatively more equal among 
counties. In the last year 27 out of 3386 licensed hunters in Pike County were 
sampled (Table II). The better sampling was an important factor influencing· 
the decision to use the last year's data in the analysis. 
The data card was taken by the appropriate conservation officer to the 
address shown on the carbon copy of the license, and the licensee was requested 
to complete it and return it, postage free, to the survey headquarters in 
Frankfort. If thelicenseedid not respond in a reasonable time, the conservation 
officer visited him again, up to three times. The licensee was removed from 
the sample list if: he was deceased; he had moved out of Kentucky; or he could 
not be located by practical measures. The sample size was reduced by one 
each time a licensee could not be located. The numbers on Table I represent 
the final or located sample size. 
EVALUATION OF THE SURVEY 
The Department of Fish and Wildlife had used data collected from a 
relatively small sample of hunters to estimate the information it required on 
the hunting patterns of the total population of hunters. The question which had 
to be decided at this point was whether or not the data could be used to deduce 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 v 0 0 0 0 0 0 v 0 0 0 
HUNTER'S REPORT OF GAME KILLED 
Name of Hunter Joe Gunn 
Address 1963 Arrow Drive 
County (Huntsville) Marion 
No. Killed No. Times Hunted 
Gray Squirrel 1 16 
Fox Squirrel 
Rabbit 
Bobwhite 
Groundhog 1 
Dove 
Racoon 
Deer 
Ducks 
Coots 
Geese 
Crow 
Ruffed Grouse 3 
Fox 
Woodcock 
How many times did you hunt in your 
home county? 
How many times did you hunt in other 
counties? 
What is your telephone number? 
7 
6 
0 
4 
11 
18 
11 
634-7856 
Please list the counties and other states in which you hunted. 
Lee (2), Jackson (5), Lewis (1), Rowan (3) 
FIGURE 2: Sample Completed Data Card 
- 28 -
tb.e information on b.unting patterns required for tb.e purpose of tb.is study. 
Since tb.e survey had been long since completed, tb.e choice was between 
acceptance and rejection. It would be impossible to cb.ange the sampling 
procedure or the information collected. Caution was particularly needed 
because the survey was designed for anotb.er purpose. 
The data was quite acceptable for its original intent of estimating total 
b.unting pressures according to cross cb.ecks performed by Durrell of the 
Kentucky Department of Fish and Wildlife. He utilized tb.e number of deer 
tags sold by the State and tb.e number of waterfowl stamps sold by tb.e Federal 
government to cb.eck tb.e b.unters projected from tb.e sample data for these 
two species (9, p. 20). 
Tb.e principal deficiency in using tb.e survey to estimate total b.unting 
pressure is that certain types of b.unters need not obtain a license or for some 
otb.er reason were not included in tb.e sample. Hunters from out-of- state were 
not sampled; but they comprise less than five tenths of one percent of tb.e total 
hunters. Landowners (and their tenants) wb.o reside on tb.eir property are 
permitted to, b.unt upon tb.eir land witb.out purcb.asing a license (in Kentucky 
land rigb.ts include hunting rigb.ts) and are also permitted to kill any species 
tb.at is a pest to their crops. Hunters under 16 years of age can purcb.ase, 
at a reduced, price, an annual license known as a 'junior b.unting license. 
Hunters over sixty-five years old can obtain a 'life-time' license free. Neitb.er 
group was included in tb.e sample. Hunting witb.out a license by service men on 
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SURVEY REGIONS - WEATHER BUREAU DIVISIONS 
leave from a branch of the active armed forces is generally tolerated by most 
conservation officers. A certain amount of strictly illegal hunting also occurs. 
Altogether, it has been estimated that of the total number of hunters, 16. 3 
percent are unlicensed (25, p. 57; 26, p. K-78). 
The potential for several types of bias was thus evident. The percentage 
of hunters surveyed varied from county to county, creating a non-uniform 
sample. There was no way to evaluate any bias caused by unlocatable licensees 
or unlicensed hunters varying in hunting habits from those who did reply. 
When it is desired to subdivide the total number of hunters hunting an area 
according to the location of their homes as was necessary for this study, a 
larger sample size is needed to estimate subdivision totals with a precision 
equal to that previously obtained for combined totals. However, with the 
sample size fixed (largely by considerations associated with estimating 
combined totals), one would expect difficulties in estimating subtotals for 
certain origin-destination groups. Vit,SHINGTON WATER RESEARCH CENTM LlallAIIY 
Furthermore, the available data were not in the most desirable form 
for this study largely because of the amount of interpretation required. The 
data on Figure 2 illustrate the difficulty in interpretting which county was hunted 
for which species. Nevertheless, the data did provide a much larger volume 
of information than could be obtained from any other source available to this 
study. The data were used. Specific problems and how they were handled are 
discussed later in the text. 
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Form of Data Obtained: Tl:te l:tunting data collected by tl:te Kentucky Department 
of Fisl:t and Wildlife were provided to tl:tis survey in tl:te form illustrated by 
Figure 2. Also furnisl:ted, in rougl:t draft form, were copies of tally sl:teets 
containing, by county, tl:te annual licens~s sold (as recorded in tl:te county clerk's 
office), tl:te final annual sample size, and tl:te annual number of positive and 
zero responses. Tl:tese data are otl:terwise unpublisl:ted. Various additional 
information was obtained from publisl:ted sources as described later in tl:te text. 
SUMMARY 
Tl:te Kentucky Fisl:t and Wildlife Department desired a more comprel:tensive 
and accurate l:tunting survey in order to better evaluate tl:te effectiveness of its 
operation. A survey was devised under tl:te direction of Mr. James S. Durell. 
It began in 1961 for hunting year 1960. The survey personnel collected data, 
on county basis, of how many times eacl:t species were l:tunted, now many of 
eacl:t species were killed, tl:te l:tunter's l:tome county, and tl:te counties in wl:ticl:t 
he l:tunted. The data enabled tl:te Game Division of the Kentucky Fisl:t and Wild-
life Department to determine tl:te l:tunting pressures, by species, in each 
Kentucky county, and l:telped it in formulating progressive game conservation 
plans. 
Tl:te survey was replaced by anotl:ter type l:tunting survey for l:tunting 
year 1964. The newer type survey could not be used for tl:tis study because it 
does not provide tl:te distance traveled to l:tunt eacl:t species b.ut instead requires 
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the hunter to evaluate his own expenditures for hunting. While the data collected 
in the older survey was not in the form which would have been designed to best 
meet the needs of this study, the information could be used, with proper 
interpretation and assumptions. If satisfactory results could be obtained, its 
use would save the cost of a data collection process far beyond the scope of 
this project. Therefore, it was decided to attempt the desired study by using 
the available data. 
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CHAPTER III 
MODEL FOR ESTIMATING VISITATION AND BENEFITS 
Once it had been determined that a significant amount of data would be 
available to provide the home area and the hunting area of a large number of 
Kentucky hunters, it was necessary to develop a theoretical framework for 
analyzing this information in conjunction with available supplemental information 
from published sources. The resulting approach follows. It will begin by 
proposing an idealized general model and then proceed by making the assumptions 
and adjustments necessary to convert it into a form applicable to the situation 
under study within the limitation imposed by the available data . 
• THE GRAVITY MODEL 
The mathematical model most often employed in transportation planning 
to predict the number of trips from a given origin to a particular destination 
is based on the gravity relationship 
where: 
(1) 
T = the number of trips per unit time. 
K = the propensity of a person located at the origin to make 
the trip. 
D the difficulty of the trip required. 
n = an exponent indicating the rate at which the number of 
trips increase with improving access. 
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The same basic model fits observed trends in visitation to a large variety 
of recreation attractions (6, pp. 61-92). It has been suggested and applied to 
modelling visitors to reservoirs (15, p. 838; 24, p. 14) and stream 
fishermen (5, p. 11). 
ESTIMATING NUMBER OF HUNTERS 
Trips by an Individual to a Spot: The gravity model can be applied most 
directly to estimating the average annual number of hunting trips a given 
individual makes to hunt a given spot. If a hunting spot is defined as a location 
of the size a typical hunter might cover on a given hunt and an individual hunter 
is known to live at some other specified location, Equation 1 becomes 
-n h = k d (2) 
where h is the expected annual number of hunts the individual will make in the 
area, k is the propensity of the individual to hunt the spot, d is the accessibility 
of the spot to the individual, and n indicates the rate at which the inclination of 
the person to hunt the spot would decline were he to move to a more distant 
location. 
At this point, one key assumption needs to be introduced: accessibility 
will be indexed in airline miles. One might conceptualize other indices of 
accessibility such as time of travel, road miles, or cost of travel; but each of 
these alternatives poses measurement problems which make collection of data 
impractical. It is much easier to collect information on how often the hunter 
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goes to a spot than on the route he follows or the time it takes, Airline distance 
is measured more quickly and with much greater precision than is road distance 
or travel time and will hence be used. 
General Individual Model: In actuality, many individuals and many hunting 
spots exist. If we apply Equation 2 to any pair, say individual i and hunting 
spot j, 
h ~ k d ij ij ij 
-n ij (3) 
where the value of each of the four terms is now specified as that pertaining to 
individual i hunting in spot j. The total hunting by individual i will potentially 
include other spots and the total hunting at spot j will potentially include hunts 
by other individuals. Thus Equation 3 is a model of the expected annual number 
of hunts (h . .) by individual i in spot j from his propensity to hunt the spot (k. .) , 
ij ij 
the distance from his house to the spot (d .. ), and the variability with distance 
lJ 
of his inclination to hunt the spot (n .. ). 
lJ 
Even if complete information on all hunting by all individuals at all spots 
were available, the k .. and n .. could not be estimated from the model of 
lJ IJ 
Equation 3 which proposes a unique value for each combination of hunter and 
spot. Each new set of data introduces two new unknowns, and the over-
parameterized systems can never be resolved. Some further assumptions on 
how k and n vary with ij combinations are needed. For example, k .. can 
lJ 
logically be hypothesized as a function of k . (the propensity of the individual to p1 
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go hunting) and k . (the attractiveness of the site to hunters as a whole). 
aJ 
Because h .. will be zero for people having no inclination to hunt (k . = 0) 
ij pl 
and for spots having no hunting appeal (k . = 0), a simple multiplication of the 
aJ 
two components provides a reasonable starting model: 
k = k k ij pi aj (4) 
Some other function might be hypothesized for relating the n .. to n . 
l] pl 
and n . . An observation of no hunting is favored by a very large n... For a 
~ ij 
person who would hunt if game came to him but would not go out of his way to 
seek it, n . is infinite. For a hunting spot which is so bad that no one would 
pl 
go out of his way to get to it, n . equals infinity. At the other extreme, if 
aJ 
either the person is so determined to hunt or the spot is so attractive that 
hunters do not reckon as an obstacle, n . or n . equals zero. Again, a 
p1 aJ 
simple starting relationship would be: 
(5) 
By substituting Equations 4 and 5 into Equation 3, alL the parameters can 
be estimated. For example, data on 100 individuals and 100 spots would provide 
10, 000 items to estimate 400 parameters. The problem shifts from being 
over determined to one where a "best fit" estimate can be sought. 
A better grasp of the significance of the four terms on the right hand 
side of Equations 4 and 5 can be gained by reviewing what each means. The 
magnitude of k . is large for individuals who frequently hunt while the magnitude 
pl 
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of n . is small for the individual who spends a large share of his hunting time at pl 
distant spots. A hunter whose only hunting consists of shooting rabbits on his 
own property every day will have a large k . because he hunts often and a large p1 
n . because he never hunts at a distance from his home. A hunter whose only pl 
hunting consists of rare trips in pursuit of big game which were only native to 
a few locations many miles from his home will have a small k . because he can p1 
only afford a few very infrequent trips and a small n . because all his hunting p1 
involves long trips. A very rich person who can afford frequent trips seeking 
big game will have a large k . a..'ld a small n .. A person who only shoots p1 p1 
rabbits on his own property and that very infrequently will have a small k . 
p1 
and a large n .. p1 
The same patterns pertain to hunting spots. Spots with large numbers of a 
species found in abundance over a much larger area will have large values of 
k . , because of the many hunters, and large values of n . , because few hunters 
~ ~ 
will travel a great distance to hunt a species when many good hunting grounds 
are near home. Spots with unique species only appealing to a select group of 
widely distributed hunters would have a small k . and small n .. 
aJ aJ 
It is also helpful to recognize that a basic implication of Equations 4 and 5 
is that individuals with a given k . and n . have an equal preference to hunt all p1 p1 
spots at the same d .. and with the same k . and n . . Also, spots with a given k . 
11 a1 aJ a1 
and n . have an equal attraction to all hunters living at the same d.j and with 
~ 1 
the same k . and n . . While this assumption is not strictly true. because p1 p1 
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individuals may prefer certain hunting spots because of their past familiarity 
with the location, nearness to a former home or the homes of friends or relatives, 
favorable reports received from others, for a number of other reasons; it does 
seem reasonable from an overall standpoint. 
If the required assumptions were valid and sufficient data were available 
for a large number of individuals and suitably defined hunting spots to estimate 
k . , k . , n . and n . , the above model could be used to estimate hunting 
p1 aJ p1 aJ 
pressure (the sum of the h .. with any desired limits). A reasonable procedure 
lJ 
would be to estimate k . and n . for a large number of individuals of known p1 pt 
characteristics (age, sex, income, education, race, etc.), examine the degree 
of association between estimates and characteristics, and derive a relation-
ship for estimating these two parameters. Similarly, k . and n . might be 
aJ aJ 
related to such spot characteristics as population density, species density, 
posting, climate, topography, habitat quality, site esthetics, etc. If a reservoir 
were proposed, the displaced hunting could then be estimated from the charac-
teristics of all the hunting spots to be inundated and of all the people living 
within some selected cutoff distance of the reservoir location. 
However, the general individual model is not practical without complete 
data on the relevant characteristics for hundreds of thousands, if not mill ions, 
of individuals and without some meaningful way of specifying and evaluating the 
quality of hunting spots. Furthermore, all these characteristics are constantly 
varying functions of time. The general individual model would likely provide 
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the best understanding of the forces motivating people to hunt in general and to 
hunt specific spots in particular, but it is simply not applicable within the scope 
of the time and data resources available to project planners. It is far beyond 
the scope of this research. 
Some type of aggregation is needed to make the general individual model 
ammenable to practical application. Individuals and hunting spots might be 
aggregated into groups of like characteristics or they might be aggregated into 
groups of geographical proximity. The first approach would require surveys of 
the hunting habits of individuals and surveys of the hunting activity at spots of 
known characteristics. Once the parameters had been determined for various 
representative individuals and spots, total hunting could be estimated by taking 
into account the number of individuals or spots in the represented category. 
The approach is not without its possibilities, but it must be rejected for this 
study because it cannot be developed through using the available data. 
Geographically Aggregated Model: The most practical way out of the vast 
data requirements of the general individual model is to aggregate the individuals 
into populations and the hunting spots into hunting areas, both types of 
aggregation based on geographical proximity. If we sum the results of 
Equation 3 over the population I composed of P individuals with respect to 
their hunting in area J composed of A hunting spots: 
p A 
HIJ !; !; h .. (6) 
i=l j=l 1) 
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The relationsb.ip of Equation 6, b.owever, is not very useful in formulating 
a geograpb.ically aggregated model because available data do not allow 
estimation of the k .. and n... Instead of summing totals from parameters 
I] I] 
ascribed to specific individuals, it is necessary to redefine tb.ese parameters 
based on tb.e concept of a representative individual. 
If KIJ is defined as tb.e propensity of tb.e representative individual in 
population I to hunt anywhere in hunting area J, NIJ is similarly related to 
n .. , D1 represents some mean distance from tb.e population to tb.e hunting area, I] J 
tb.e model of Equation 3 applied to the representative individual becomes: 
(7) 
wb.ere P 1 is introduced because total b.unting represents tb.e b.unting by tb.e 
representative individual times tb.e number of individuals. Tb.e representative 
individual would be the one who b.unts an amount l\J I Pr Tb.e A J is tb.e 
number of b.unting spots in tb.e aggregated area. It will be taken as tb.e area 
in square miles for tb.e purpose of normalizing among areas of varying size. 
It reflects a representative square mile subjected tb.e amount of b.unting 
Equation 7 requires data inputs much more readily available th.an does 
Equation 3. HIJ is tb.e total annual b.unter days spent by members of the 
population in tb.e hunting area. Tb.e PI can be taken from census data, and tb.e 
DIJ and AJ can be measured from maps or read from available tabulations. 
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By using reasonably large aggregations, the number of data sets required by 
the general individual model can be reduced many million fold. 
However, Equation 7 like Equation 3 is over parameterized. Again, it 
is reasonable to assume 
(8) 
(9) 
where KPI represents the propensity of the representative individual to go 
hunting, K AJ represents the attractiveness of the aggregated hunting area as 
a whole to hunters, NPI indexes the willingness of the representative hunter to 
travel great distances to hunt, and N AJ indexes the ability of the hunting area 
to attract hunters living at great distances. Values of the K's are basically 
determined from total numbers of hunters, and values of the N's are basically 
determined from the geographical distribution of the areas hunted (N PI) or the 
homes of the hunters (N AJ). 
A review of the individual and of the geographically aggregated models 
shows there to be no simple expression for estimating the K's and N's from 
known k's and n's. One could apply Equations 3 and 6 to estimate each H1J 
for I populations and J areas, obtain representative data on the DIJ' and solve 
for the two K's and two N's. The problem is determinate as long as at least 
two HIJ are available for every population and every hunting area and the 
number of H
1
J estimated exceeds I + J. The important point to remember 
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here is that the aggregate parameters denoted by the capital letters are not 
related by a simple mathematical expression to the individual parameters 
represented by the lower case letters. The relationship is through the 
similarity in concept. 
Nevertheless, certain trends occur as one moves from individual to 
aggregated parameters. The parameter values will gradually become closer 
to being equal as aggregations become larger. Extremes will be dampened as 
enthusiastic hunters live next door to people who detest hunting or high quality 
hunting spots are located close to poor spots. Correlation of aggregate 
parameters with measured characteristics of the aggregate population or 
areas will be expected to become less reliable as the characteristics become 
more likely to reflect properties of the whole rather than of the small portion 
most intimately involved in hunting. 
Parameter evaluation for the general geographically aggregated model 
would require observations of the HIJ' determination of the P 1 and AJ, selection 
and use of an appropriate method for estimating the DIJ' and estimation of the 
four aggregated parameters based on Equations 7, 8, and 9. The aggregate 
parameters could either be specified by I and J locations indicated on a map 
or a correlation might be developed between locations and location characteristics 
for the purpose of extrapolating the analysis to locations not covered in the 
original data. Application of the model to estimate the number of hunters 
under a particular set of circumstances would then require selection of the 
appropriate parameter values to calculate 1)J over the pertinent ranges. 
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Adjustment of Aggregated Model: By combining Equations 7, 8, and 9, one 
gets: 
In order to estimate tb.e total b.unting over a location comprising a known 
number of square miles in each. of J' b.unting areas (A1 , A2 , .... AJ), tb.e 
summation would involve: 
I' 
L 
I=l 
J' -N N 
i:: P A K K D PI AJ 
J=l I J PI AJ IJ 
(10) 
(11) 
where I' is the number of populations living with.in some cutoff distance of tb.e 
areas. 
The problem at b.and is estimation of tb.e four basic parameters (KPI' 
K AJ' NPI' and N AJ) from tb.e available data. Tb.e cb.oice of tb.e county as the 
minimum aggregating unit for both. populations and b.unting spots is dictated 
by tb.e available data. Smaller units cannot be used for hunting areas because 
b.unts are specified by county. The supplied addresses would permit 
aggregating populations by units smaller th.an counties, but this would complicate 
date collections. 
Bigger units migb.t be used, but such. larger aggregations would lo·se such 
distinctions as those between river and adjacent inland counties as b.abitat for 
waterfowl or between urban and adjacent rural counties. Tb.erefore county 
units were selected. Kentucky has 120 counties. Equation 10 provides tb.e 
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capacity to pick a best estimate of 480 para."!leter values from the theoretical 
number of possible observations of H _ of 14, 400 (1202). However, a very 
IJ 
small fraction of the total number of hunters hunt a long ways from their home. 
A very large number of hunters in a given hunting county must be sampled to 
find any coming from more distant home counties. It may be several years 
between times when a Fulton County resident hunts Boyd County for rabbit. 
The true average annual hunting for this cell would be less than one. If only a 
small percentage of the total hunters are sampled, the data will usually indicate 
zero hunting. One cannot have much confidence in estimates of what one in 
100,000 hunters will do made by surveying 1000 hunters. A limited sample 
size will not provide sufficiently accurate estimates of the average annual 
hunting for enough of 14, 400 potential HIJ to regress on all K and N. It will be 
convenient before going on to suggest how the model might be simplified to 
handle this situation. 
Generally, one would expect the population parameters (KPI and NPI) 
to approach ststewide mean values faster as aggregations over successively 
larger geographical areas are used than do the hunting-area parameters 
(K AJ and N AJ). For aggregations of county size, Kentucky counties vary 
much more widely in available hunting habitat than in the nature of the people 
who inhabit them. Counties vary much more widely in their quality for deer 
hunting than in the propensity of their people to go deer hunting._ One would 
also expect the N to approach mean values faster than the K. There is much 
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cases (5, P~ 39)~ ~ri1erefore, a.s a !irsi:: approxin!.ation, 1~PI ma}r b$--) as:r.nned 
to be cono~2-: . .1t" Ii the- con.t'3ta~t is unit~1, 
h -Iu 
as a secoP.d approxi.:..riatic!l, KPI may be as::;u.r!leo t0 be unity or, 
-N 
• AT 
P ' K D " 
- - I.M.J AJ IJ 
ESTIMA 1'ING HU1!7ING BENEFITS 
·-----------
Ree:cez.ttof! '.)8r1efits m.2-y be ex-prsss':3d £0 a total ,,alue i\::!r e.. specific 
(12) 
(13) 
a unit value per v~sito:~-<lay·" For evaluat:!..r..g ,.vildli.f;~ habitats i:i ~his stt:dy, a 
unit value cepress.nta ar1 a-~-er?.ge obtai1J.ed by G1-vidir..g th8 ·.~.ctsl :ce,creatic:is.i 
benefits by the t.ot:1.l :1u:c:-1ber of 1.1i.sitorso Indt:·.ridu2.l ,rlait9rs to the site v2.r"}' 
widely in value .ce1.:::si11ed :'r·or1i the hunt, The i.CT~t .,,alu.e per h:.1.::1ter-trip rr ... s.y l•e 
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derived by applying an appropriate equation for estimating the number of 
hunters (Equation 7, for example) to develop a demand curve based on distance 
unit and then converting distance to monetary units. 
Value of a Hunting Area to a Population: Equation 7 provides an estimate of 
the number of hunters in population I who hunt area J on an average annual 
basis. For some of the hunters, the hunting area D-miles away is as far 
away from home as they are willing to travel on a given hunting trip. Other 
hunters would be willing to travel even a greater distance (Z miles) if they had 
to; but since they don •t, they thus realize some savings or "consumer's surplus" 
from the proximity with which they live to the nearby hunting area. Both 
groups are included in the observed total number of hunters. By assuming 
that Equation 7 also represents the willingness of hunters to travel to hunt 
area J if it were located at some distance greater than DIJ from their home, 
the number of annual hunter-trips (H1J) from population P 1 in which the 
hunter would be willing to travel Z miles or further can be expressed as 
H , - P A K Z IJ I J IJ 
-N 
IJ 
The slope of the curve in Figure 4 represents the decrease in the 
(14) 
number of hunters per unit increase in Z. In other words, the unit decrease 
in the number of hunters represents the number of hunters willing to travel Z 
miles and no more. The slope of the curve in Figure 4 can be determined by 
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Q 
Unwilling to 
travel to site 
because it is 
too far 
............. ~~~~~~~~~L 
z 
who are willing to travel 
distance Z or farther 
Travel to hunting site to realize 
consumer surplus proportional to 
the length of the arrow (Z-D1J). 
Max. ~ L - DrJ· 
FIGURE 4: Consumers' Surplus Curve 
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taking tne derivative of HIJ in Equation 14 witn respect to Z. The magnitude 
of the decrease would be tne absolute value of the derivative or 
I d HIJ dz -N - 1 K Z IJ IJ 
Tile consumer's surplus realized by a particular individual in 
(15) 
population I on a given nunting trip to area J may be represented by tne excess 
of tile maximum distance tile hunter is willing to travel ( Z) over tile distance 
he nas to travel (DIJ) times tile disutility he experiences per unit of travel 
distance ( C). Tnis can be expressed in equation form as 
(16) 
wnere: consumer's surplus realized by tile individual willing to 
travel exactly distance Z. 
C disutility per unit of travel distance (assumed constant 
for all nunters). 
= distance tile individual is willing to travel. 
distance lie nas to travel. 
Tile numerical evaluation of C as an average cost per mile of air distance 
between nome and hunting locations will be discussed later. 
The total savings to all tllose willing to travel exactly Z miles is equal 
to tile individual consumer's surplus (costs not incurred) times tile number of 
sucn individuals .. By combining Equations 15 and 16 
-N -1 
Sz = NIJ C PI AJ KIJ Z IJ (Z-DIJ) (1 7) 
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The savings to all individuals who travel DIJ miles to visit the hunting 
area (all those individuals willing to travel DIJ miles or further) can be 
determined by summing the savings, as estimated by Equation 17, for the 
number of individuals associated with each increment of Z, greater than D
1
J. 
The total savings can be represented as (5, pp. 15-16). 
(18) 
As long as NIJ exceeds one, the integral of Equation 18 converges to 
1 
N -1 IJ 
(19) 
However, it is more logical to hypothesize that each hunter has some 
maximum distance L he is willing to travel to hunt. The distance may vary 
depending on the individual, the species being hunted, and the attractiveness 
of the hunting area. If the integration of Equation 18 is from DIJ to an upper 
limit L and N1J exceeds one, the integral converges to (5, p. 18) 
D L-NIJ D l-NIJ 
IJ IJ +----+----
N -1 IJ 
1-N 
DIJ IJ 
Unit Economic Value per Hunter Day: Assuming that a hunter-trip is the 
same as hunter-day, a term analogous to the visitor-day associated with 
- 50 -
(20) 
• 
• 
• 
I '; i 
. -
recreation reservoir visitation, the savings per hunter-trip can be estimated 
by dividing the total savings (Equation 19) by the total number of hunter-trips 
(Equation 7) to get 
1 
N -1 
IJ 
where the unit value u
1
J represents the mean economic value hunters from 
population I receive from a trip to area J, To avoid the overstatement of 
benefit caused by assuming some individuals would be willing to travel very 
(21) 
great distances to hunt, a value of L may be determined and Equation 20 used 
in the place of Equation 19 in defining U IJ' 
Total Economic Value of a Hunting Area: The total economic value of hunting 
over a location comprising a known number of square miles in each of J' 
hunting areas equals the sum of its values with respect to the individual 
origin areas. It can be estimated as: 
I' J' 
v = !: 
T I=l 
(22) 
The average value realized per hunter-day spent in the area is obtained by 
dividing the total value of Equation 22 by the total hunter-days of Eqµation 11 
to obtain 
I' J' 
!: !: HIJ UIJ VT I=l J=l u = = (23) I' J' HT 
I; !: HIJ 
I=l J=l 
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If the location is coterminous ,,1th a hunting area, J' equals 1, and the internal 
sU1nmation is not necessary. 
Total Economic Value of a Hunting Area (Estimated From Collected Data): 
Because of the large volume of data needed to estimate values for all the 
parameters necessary to estimate U with Equation 23, it is convenient to 
develop an alternate approach for estimating the unit value of hunting in a 
given area (U AJ) directly from observed values of the H1J. By assuming that 
the NIJ in Equation 21 can be represented by the N AJ of Equations 12 or 13 
(i. e. , N is independent of the origin area) and an appropriate distance D' J 
(not a function of I) can be found, Bianchi (5, p. 17) showed that 
1 
where if visitation to hunting area J has been observed from M populations, 
D' = J M 
~ H 
I= 1 IJ 
where M is the number of origin areas from which hunters were observed 
hunting in tb.e hunting area. 
SUMMARY 
(24) 
(25) 
Chapter I presented the need for a procedure for estimating tb.e extent 
and the economic value of the hunting within an area. Chapter II presented 
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the data available for such a study. Chapter III has presented the basic model 
for estimating number of hunters and realized benefits. The task ahead is to 
apply the data within a version of the model capable of producing the desired 
results. 
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INTRODUCTION 
CHAPTER IV 
DATA COMPILATION 
The purpose of this study is to estimate the economic value of recreational 
hunting in order to provide a means for estimating the economic loss when 
hunting areas are destroyed. Estimation of the loss associated with reservoir 
impoundment is of specific concern; however, applications with respect to 
many others types of land use change are possible. Equation 22 can be used to 
determine the value of a given hunting area from data on numbers of hunters by 
origin area if one is able to estimate appropriate parameter values. 
While the ideal procedure would directly estimate the economic value of 
any specified natural habitat for recreational hunting, such an ideal could not 
be achieved through estimates based on hunting data only available on a 
county-wide basis, Any estimate of total annual hunter-trips and their 
economic value, based on such data, would reflect countywide average conditions. 
In applying the results to any specific local area such as the lands to be 
inundated by a prospective reservoir, the estimates should be adjusted according 
to whether local conditions are better, equal, or worse than the countywide 
average. The adjustment is basically a value judgment, at the current state 
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·' 
of the art, and is best made by a wildlife biologist familiar with species 
habitat requirements and local field conditions. Numbers of hunters and 
economic value need to be estimated separately by major species group because 
high quality habitats for some types of wildlife may be very poor habitat for 
others. Appropriate values for the K's and N's will vary among species. In 
estimating the total hunting use and economic value of a specific natural area, 
summation of values over the relevant species groups is needed. 
The hunting data furnished by the Kentucky Department of Fish and 
Wildlife, as interpreted to indicate the number of hunter-trips by home county, 
by county hunted, and by species, provided the primary source of information 
for the analysis. The number of hunters found in each element of the three-way 
classification were expanded from sample totals to estimate all licensed 
hunting by multiplication by the ratio of the total number of licensed hunters in 
the relevant population to the sample size. These estimates were further 
expanded to account for hunters not licensed. 
The expanded data (as sorted to provide the number of hunters against 
measured distances between counties) were used to derive a visitation prediction 
equation. The visitation prediction equation provided the means to develop a 
demand curve relating hunter-trips to distance from home to hunting area. In 
order to convert from distance to monetary units, the average travel cost per 
mile was estimated from an equation originally suggested by Tussey (24, p. 129). 
Unit values of benefits per hunter-trips could then be evaluated from the 
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resulting demand curve (15, p. 840). Tile overall analysis is in many ways 
analagous to that followed by Tussey for reservoir recreation visitation and 
benefit. 
SPECIES GROUPING 
Fifteen species were listed on the available data cards; however, a 
number of them are hunted too infrequently to provide sufficient information to 
estimate appropriate parameters pertaining to that species alone. It was 
decided to combine like species into seven groups as shown on Table L The 
grouping was done in consultation with experts in the Fish and Wildlife 
Department, 
Number 
1 
2 
3 
4 
5 
6 
7 
TABLE I 
DEFINITION OF SPECIES GROUPS 
Name 
Squirrel 
Rabbit 
Bobwhite 
Farm Menace 
Sectional Winged 
Deer 
Waterfowl 
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Species Included 
Gray Squirrel, Fox Squirrel 
Rabbit 
Bobwhite (Quail) 
Groundhog, Crow, Raccoon, Fox 
Dove, Ruffled Grouse, Woodcock 
Deer 
Ducks, Coots, Geese 
, 
A primary reason for aggregating species into Groups 4 and 5 was tl:te 
small amount of l:tunting tl:trougl:tout Kentucky for tl:tese species. Group 4 includes 
species tl:tat are a menace to farmers. Groundl:tog and crow are •·open-season' 
tl:trougl:tout tl:te year. Raccoon and fox are also frequently l:tunted by farmers 
not for kill but who enjoy listening to tl:teir dogs give cl:tase. Group 5 includes 
winged species tl:tat are concentrated in certain sections of tl:te state witl:t dove 
being l:tunted within tl:te Bluegrass, Central and Western regions, ruffled grouse 
hunting being limited to the mountainous areas of tl:te Eastern region, and 
woodcock l:tunting being limited, by l:tabitat, to tl:te Western region. 
COMPILATION OF HUNTING DATA 
Tl:te Game Division of the Kentucky Department of Fisl:t and Wildlife 
supplied tl:te project with raw l:tunting data wl:tich had been collected in the state-
wide survey for 1963 (Chapter II). Compilation of the data to estimate the HIJ 
by species was complicated by omissions on some of tl:te cards. Typical 
omissions included a failure to specify tl:te otl:ter counties hunted; failure to 
specify wl:tich species were hunted in wl:tich otl:ter counties, general incompleteness 
of the card, and conflicting totals. Tl:te cards which failed to specify whicl:t 
species were hunted in wl:ticl:t counties were interpreted by value judgment 
based on the relative desirability of l:tunting in tl:te county among the mentioned 
species (the writer has l:tunted several areas of tl:te state in tl:te past eigl:tteen 
years) and by consulting with state conservation officers. This process greatly 
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expanded the quantity of available data and avoided the bias which would have 
been created by omitting those who hunt selectively in a number of counties. 
Cards containing other types of ambiguities were generally not used. 
The sample data were compiled in seven 120 by 120 matrices, each one 
containing all the HIJ for that species. 
COMPILATION OF MILEAGE DATA 
It was next necessary to estimate the distances represented by the hunting 
travel between matrix points. Air miles were measured from a 1967 
Kentucky Department of Highways map between all combinations of the 120 
county seats in the state. As the county seat represents the greatest 
concentration of population is most counties, this distance was used to estimate 
the length of an average hunting trip going from one county to another. For 
hunter-trips within the home county, the average trip length was assumed to be 
the radius of a circle equal in area to the county. The mileage data were 
summarized in the upper right hand half of a 120 by 120 matrix since any 
DIJ ~ DJI" 
HUNTING DATA EXPANDED 
Hunting data had been collected from each of the 120 counties within 
Kentucky, but the sample size was only a small percentage of the hunters 
residing in that county. Assuming that the sample was unbiased, the county 
H1 for all J (hunting areas) were expanded by multiplication by the ratio of all 
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of the licensed hunters in the county to the county sample size. Both values 
are listed on Table II. 
Certain segments of the population hunt without a regular hunting license 
or any hunting license at all. Altogether, it has been estimated that of the 
total number of hunters, 16. 3 percent are unlicensed (25, p. 57). Based on 
the assumed approximation that unlicensed and licensed hunters have the same 
propensity to travel to hunt by species (people hunting on their own property are 
a relatively small portion of the total unlicensed hunters), the data on number 
of hunters by category from each county of origin were further expanded to 
include non-licensed hunters by multiplying by a factor equal to 1/0. 837 or 
1.194. 
EVALUATION OF MILEAGE COSTS 
Approach: A hunter must travel in order to partake in the sport of his 
choosing. At the turn of the century, most people in Kentucky could hunt 
within walking distance of their homes. Today, hunting areas are less readily 
accessible. Almost all hunters travel some road distance by automobile 
before they begin their hunt. The value a hunter places on his experience is 
implied by the effort he is willing to put forth to go hunting. The effort may be 
indexed by his willingness to spend time and money traveling to a hunting spot. 
Visitation prediction equations provide a basis for estimating the mileage 
hunters must travel. The distance may be converted to monetary units through 
use of cost per mile of travel required on the part of the hunter (6, p. 71). 
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Hunting has a fixed cost and a variable cost. The fixed cost includes 
expenditures which are not incremental to a given hunting trip and made for 
such items as a vehicle, guns, or clothing. The fixed cost is pertinent to 
evaluating the economic impact of the hunting industry, but it does not (except 
for a relatively small amount of depreciation) represent part of the cost of 
going on a particular hunt. An assumption of this study is that the hunting 
areas being evaluated are too small for changes in the amount of hunting in 
them to have a significant effect on the amount of hunting done in the state as 
a whole. 
The variable cost is spent for those items which .would not have to be 
purchased were it not for the specific trip. Actually, the amount varies among 
individual hunters according to the type of vehicle they use and the length of 
time they spend on the trip. For the countywide aggregations.used in this 
study, the variation in average variable cost among the hunters in the several 
counties is much less. This study assumes the variable to be constant 
over all species and I-J combinations and to depend on a number of factors 
which can be combined into an equation (24, p. 129): 
where: 
2.42 
C = 2.42 ( (l+ a) m +.!.JI b p 
v . 
2(round trip) x 1. 21 (average value of road distance 
divided by air distance). 
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(26) 
m = variable vehicle operating cost in dollars per mile. 
a expense incurred for food, and lodging, and expendable 
hunting supplied above that spent at home, expressed as 
a fraction of vehicle operating cost. 
t = value to the occupants of a vehicle of an hour of traveling 
time in dollars. 
v = mean travel velocity in miles per hour. 
b 
p = 
c = 
average number of days a hunter remains at the spot. 
average number of hunters per vehicle. 
average value per mile of airline distance to the spot (in 
dollars per hunter-trip). 
Numerical Evaluation: Values must be assigned to the individual terms on the 
right side of Equation 26 in order that C may be estimated for calculating unit 
value of benefits per hunter-trip. The average cost per mile of travel was 
calculated in 1968 dollars per hunter-trip using the following values: 
m = O. 060 (1968 dollars per mile), estimated by Wilbur Smith 
and Associates (30) as 0. 053 in 1961 and converted to 1968 
dollars by the Bureau of Labor Statistics' table of Consumer 
Price Index by year (27, p. 69). Conversion factor= 46. 5 ~ 40. 0. 
a = 0. 00. According to the U.S. Department of Interior's 
national survey in 1965 only 1. 4 per cent of the hunters in 
Kentucky area take hunting trips that last more than one 
day (25, p. 56). Hence, the cost of food and lodging above 
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t = 
v 
b 
p 
that spent at home was taken as insignificant for this study. 
The cost of ammunition is also relatively small. 
2. 93 (1968 dollars per hour). This term was estimated by the 
stanford Research Institute in 1967 to be 2. 82 (11, p. 134). 
The conversion factor to 1968 dollars based on the Consumer 
Price Index is 41. 6 740. 0. 
40 (miles per hour). This is the average road speed for 
rural highways with a maximum speed of 60 miles per hour, 
legal limit during daylight hours on this type of highway in 
Kentucky, as estimated by the AASHO Committee on Planning 
and Design Policies (1, p. 87). 
1. 0 (days per hunt), based again on the results of the U.S. 
Department of Interior's national survey in 1965 (25, p. 56). 
2. 0 (passengers per vehicle). This is an average for a 
value which varies among individual hunters, sections of the 
country, and types of recreation. Tussey used 1. 8 for 
reservoir benefits (24, p. 130), the AASHO Committee on 
Planning and Deisgn Policies used 1. 8 for road user benefits 
(1, p. 126), and the University of Kentucky, Bureau of 
Business Research found an average value of 2. 55 for 
Kentucky State parks (2, p. 31). Hunters are more likely 
to travel in pairs than are average road users but less likely 
to travel in the larger family groups found going to reservoirs. 
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Substitution of tb.e above values into Equation 26 yielded an average cost 
per mile equal to 0, 1612 (1968 dollars per mile). 
In reviewing the assumption tb.at C is constant, it was noted tb.at all six 
of tb.e above terms and particularly.!!,, ~. and£ actually vary among individual 
b.unters. Tb.e values used should represent averages for tb.e group of b.unters 
to wb.ich tb.ey are applied, Various surveys b.ave obtained different values from 
different samples. In Kentucky Tourist Preferences, tb.e value of£ was found 
to be 2, 0 for fifty per cent of tb.e sample, 1. 0 for twenty percent of tb.e sample, 
and greater than 2. 0 for tb.irty percent of tb.e sample, witb. an average of 
2. 55 (2, p, 31). Tb.e expense incurred for food and lodging.!!: and tb.e number 
of days in a b.unting trip b vary among individuals, among sections of tb.e country, 
and by tb.e species of game being hunted (25, pp, 13-15), but both terms 
increase at the same time; and since one appears in the numerator while tb.e 
otb.er is in tb.e denominator, tb.e effect of varying tb.em over observed ranges 
b.as minimal effect on tb.e final value yielded by Equation 26. The available 
data did not detect significant differences among species or among hunting 
areas in Kentucky for tb.e value of C. 
CUT-OFF DISTANCE 
A cut-off distance needs to be specified for two reasons. In regressing 
for n, tb.e amount of data whicb. will b.ave to be collected and tb.e computational 
time required to evaluate it greatly expand as hunters from more and more 
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distant locations are considered. An estimating procedure based on the great 
bulk of the hunters who live nearby is much easier to execute; and as long as 
the cut-off distance is reasonably large, little loss in accuracy should accrue. 
Secondly, simple extrapolation of a visitation prediction equation based on 
nearby visitors to applications at large distances overestimates the willingness 
of hunter to travel great distances to hunt and hence the benefits they receive. 
A value of L was needed to apply in Equation 20. 
Clawson and Knetsch in plotting on logarithmic paper the H1/P I versus 
DIJ' using reservoir recreation data, showed a definite break in the linear 
relationship for distances over 150 miles (6, p, 71). One might interpret the 
break as meaning that strictly speaking the gravity model (Equation 1) does 
not apply. If a gravity model solution is forced, the N IJ are larger for larger 
DIJ" In the notation of Equation 10, NPI becomes greater than one for DIJ 
over 150. 
An upper limit would be applied as the maximum distance between home 
county of the hunter and the county hunted for which a piece of hunting data 
would be included in the regression analysis. It would include the majority of 
hunting trips recorded, reduce inclusion of trips which had a primary purpose 
other than hunting, and reduce the number of zero observations of travel. A 
cut-off distance equal to the maximum distance between any two Kentucky 
county seats (359 miles) was built into the analysis by using data only including 
Kentucky hunters hunting in Kentucky, but this maximum was too large. 
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The raw hunting data revealed that the overwhelming majority (97. 2%) 
of the hunters traveled less than 160 miles. Prevailing road conditions within 
Kentucky require about four hours to travel 160 miles from home to field (1, 
p. 87), a reasonable maximum for a one-day hunting trip. The 160 miles 
agrees well with the 150 found by Tussey as an average maximum out-of-the-
way distance for reservoir recreation visitors (24, p. 80) as well as with the 
break point on the curve plotted by Clawson and Knetsch. Data suggesting 
longer trips most likely are associated with those traveling in part for other 
purposes and when included using the relatively small size of the available 
sample give unreasonably large estimates of U AJ in Equation 24. 
The minimum values of D J encountered in the aggregated data were the I . 
equivalent radius of the county hunted when it was also the home county (I= J). 
The absolute minimum was 4 miles, the equivalent radius of the smallest 
county in Kentucky. 
DATA FOR EVALUATING KPI AND KAJ 
One possibility for generating estimates of KPI and K AJ (or NPI and N AJ 
for that matter) other than simply specifying values for named counties is to 
attempt a correlaction to associate given values with known hunting area or 
origin area characteristics. Such a relationship would aid in estimating 
appropriate values for areas where the data is too sparse to make a direct 
estimate. 
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One can conceive of a number of factors which could influence the 
propensity of a population to hunt a particular area. The influencing factors 
include the distribution of individuals of various types within the population, the 
extent of group interactions as individuals influence one another, and 
characteristics of the hunting area. A number of published data are 
available for attempting to index these factors. The data used in attempting 
such a correlation for this study were obtained from the U. S. Census Data 
and from the statewide hunting survey. The characteristics obtained from the 
census data were similar to those used by Tussey (24). The basic area unit for 
evaluating KPI was taken as the county where the population lives and for K AJ 
as the county of the area hunted respectively. 
Origin Area Characteristics: A number of characteristics of the origin area 
(county) population were collected for the purpose of attempting to find one or 
more with a high degree of correlation with estimates of Kpf These 
included: 
I. Population Classification 
a. Fraction of population classified as urban according to the 
definition used by the 1960 census. 
b. Fraction of population classified as rural non-farm. 
c. Fraction of population classified as rural farm. 
II. Income Factors 
d. Median annual family income for 1959. 
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e. Percent of families with an annual income of Oto 1999 dollars. 
f. Percent of families with an annual income of 2000 to 3999 dollars. 
g. Percent of families with an annual income of 4000 to 6999 dollars. 
h. Percent of families with an annual income of 7000 to 9999 dollars. 
i. Percent of families with an annual income of 10, 000 dollars and 
over. 
III. Age Factors 
j. Median age of the population. 
k. Percent of population whose age was 10 to 19 years. 
I. Percent of population whose age was 20 to 29 years. 
m. Percent of population whose age was 30 to 39 y.ears. 
n. Percent of population whose age was 40 to 49 years. 
o. Percent of population whose age was 50 to 65 years. 
Hunted Area Characteristics: A number of characteristics of the hunted area 
(county) population as well as the number of successful hunting trips in the 
hunted area were selected in order to attempt a correlation for estimating 
KA. Potentially, KA might be a function of the: 
a. Fraction of the hunting area population classified as urban. 
b. Rural farm population density (rural farm population per square 
mile). 
c. Number of game killed per square mile. 
Characteristic .!!: was tried as an index of the adverse effect of an urban 
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population on the quality of hunting in the surrounding area. Characteristic £ 
was tried as an index of probability of the rural land being posted or no 
hunting being permitted. Characteristic.£ was tried as a measure of the 
availability of game in the area indexed by hunting successes in terms of 
kills per unit area. 
SUMMARY 
Once the model presented in Chapter III had been developed and the 
available data as described in this chapter had been compiled, the next step 
was to estimate appropriate values for the needed parameters (Kand N) and 
determine unit economic valuer per hunter-trip. 
Values of the PI, AJ' licensed hunters, and number of hunters sampled 
are provided on Table II. The DIJ and seven HIJ matrices were considered 
too large for reproduction in this document. 
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0, 
"" 
County 
Adair 
Allen 
Anderson 
Ballard 
Barren 
Bath 
Bell 
Boone 
Bourbon 
Boyd 
Boyle 
Bracken 
Breathitt 
Breckinridge 
Bullitt 
Butler 
Caldwell 
Calloway 
Campbell 
Carlisle 
TABLE II 
COUNTY ACCESSORY DATA 
Population Area Hunting Licenses Hunters Sampled 
(1960) (Sq, Miles) (1963) (1963) 
14,699 393 1,210 16 
12,269 364 798 10 
8,618 206 828 14 
8,291 259 1,232 21 
28,303 486 2,156 17 
9, 114 287 635 14 
35,336 370 1, 590 15 
21,940 252 4,242 35 
18,178 300 1,389 12 
52,163 159 3,780 33 
21,257 182 1,569 20 
7,422 206 283 11 
15,490 494 619 13 
14,734 566 1,123 20 
15,726 300 2,253 14 
9,586 443 1,213 20 
13,073 357 1,328 29 
20,972 381 2,167 19 
86,803 151 6,318 51 
5,608 196 587 15 
_, 
0 
County 
Carroll 
Carter 
Casey 
Christian 
Clark 
Clay 
Clinton 
Crittenden 
Cumberland 
Daviess 
Edmonson 
Elliott 
Estill 
Fayette 
Fleming 
Floyd 
Franklin 
Fulton 
Gallatin 
Garrard 
Population 
(1960) 
7,978 
20, 817 
14,327 
56,904 
21,075 
20,748 
8,886 
8,648 
7,835 
70,588 
8,085 
6,330 
12, 466 
131,906 
10,890 
41,642 
29,421 
11,256 
3,867 
9,747 
TABLE II (Continued) 
Area Hunting Licenses Hunters Sampled 
(Sq. Miles) (1963) (1963) 
131 718 8 
402 2,348 22 
435 1,513 17 
726 2,828 30 
259 2,018 24 
474 1,257 9 
191 475 12 
365 722 13 
307 532 11 
466 6,212 44 
304 1, 038 16 
240 506 11 
260 1, 172 9 
280 7,291 68 
350 892 20 
402 3,677 38 
211 2, 871 23 
205 1,234 17 
100 332 3 
236 647 12 
"" f-" 
County 
Grant 
Graves 
Grayson 
Green 
Greenup 
Hancock 
Hardin 
Harlan 
Harrison 
Hart 
Henderson 
Henry 
Hickman 
Hopkins 
Jackson 
Jefferson 
Jessamine 
Johnson 
Kenton 
Knott 
TABLE II (Continued) 
Population Area 
(1960) (Sq. Miles) 
9,489 250 
30,021 560 
15,834 514 
11, 249 282 
29,238 350 
5,330 187 
67,789 616 
51,107 469 
13,704 308 
14, 119 425 
33, 519 440 
10,987 289 
6,747 248 
38,458 555 
10,677 337 
610,947 375 
13,625 177 
19,748 264 
120,700 165 
17,362 356 
Hunting Licenses Hunters Sampled 
(1963) (1963) 
888 19 
2,407 19 
1,675 18 
938 11 
2,905 32 
545 21 
3,121 28 
2,290 14 
1,164 12 
987 7 
3,326 33 
1,125 10 
473 17 
3,897 27 
1, 311 13 
31,419 138 
1,049 22 
1,790 16 
4,372 47 
709 8 
""" 
"" I 
County 
Knox 
Larue 
Laurel 
Lawrence 
Lee 
Leslie 
Letcher 
Lewis 
Lincoln 
Livingston 
Logan 
Lyon 
McCracken 
McCreary 
McLean 
Madison 
Magoffin 
Marion 
Marshall 
Martin 
Population 
(1960) 
25,258 
10,346 
24,901 
12, 134 
7,420 
10,941 
30,102 
13, 115 
16,503 
7,029 
20,896 
5,924 
57,306 
12,463 
9,355 
33,482 
11,156 
16,887 
16,736 
10,201 
TABLE II (Continued) 
Area Hunting Licenses Hunters Sampled 
(Sq. Miles) (1963) (1963) 
373 1,398 18 
260 1,263 10 
443 1,823 21 
425 771 18 
210 545 9 
412 759 18 
339 1,886 24 
485 1,009 10 
340 1,370 12 
317 1,322 12 
563 2,0'78 18 
254 513 20 
251 4, 840 44 
408 1,502 13 
257 1,464 9 
446 2,820 23 
303 862 13 
343 1,087 13 
303 2,465 24 
231 823 9 
_, 
"' 
I 
' 
County 
Mason 
Meade 
Menifee 
Mercer 
Metcalfe 
Monroe 
Montgomery 
Morgan 
Muhlenberg 
Nelson 
Nicholas 
Ohio 
Oldham 
Owen 
Owsley 
Pendleton 
Perry 
Pike 
Powell 
Pulaski 
Population 
(1960) 
18,454 
18,938 
4, 276 
14,596 
8,367 
11,799 
13,461 
11,056 
27,791 
22,168 
6, 677 
17,725 
13,388 
8,237 
5,369 
9,968 
34,961 
68,264 
6,674 
34,403 
TABLE II (Continued) 
Area Hunting Licenses Hunters Sampled 
(Sq. Miles) (1963) (1963) 
239 1,324 6 
308 2,275 17 
210 446 13 
256 1,129 18 
296 653 8 
334 735 15 
204 1,180 16 
369 832 13 
482 3,593 36 
437 2, 131 18 
204 526 11 
596 1,989 21 
184 1,053 13 
351 1,235 13 
197 326 13 
279 805 10 
343 1,966 21 
786 3,386 27 
173 666 13 
630 2,874 21 
-a 
... 
County 
Robertson 
Rockcastle 
Rowan 
Russell 
Scott 
Shelby 
Simpson 
Spencer 
Taylor 
Todd 
Trigg 
Trimble 
Union 
Warren 
Washington 
Wayne 
Webster 
Whitley 
Wolfe 
Woodford 
Kentucky 
~ 
Population 
(1960) 
2,443 
12,334 
12,808 
11,076 
15,376 
18,493 
11, 548 
5,680 
16,285 
11,364 
8,870 
5,102 
14, 537 
45,491 
11,168 
14,700 
14,244 
25, 815 
6,534 
11, 913 
3,038,156 
TABLE II (Continued) 
Area Hunting Licenses Hunters Sampled 
(Sq. Miles) (1963) (1963) 
101 233 3 
311 1,131 11 
290 1,465 15 
242 891 14 
284 1,387 9 
384 1,601 7 
239 1.,025 15 
193 412 13 
284 1,265 18 
376 856 8 
457 2,271 8 
146 233 6 
343 1,728 14 
546 3,825 30 
307 650 16 
440 962 21 
339 1,584 12 
458 2, 163 21 
227 525 14 
193 928 9 
39,863 225,058 2,215 
CHAPTER V 
ESTIMATION OF QUARTILE PARAMETERS 
INTRODUCTION 
Equation 13 was derived as a second approximation of a visitation 
prediction equation for the purpose of regressing to estimate the K AJ and N AJ 
from collected HIJ' PI, AJ' and D1J. The ideal solution would be to regress 
separately for estimates of the K AJ and N AJ for each of the 120 counties with 
respect to each of the seven species groups. This would require 840 independent 
regressions. The raw data includes only 2215 sampled hunters, between 10 
and 20 for most counties. Only a few of these hunt a given species, and many 
of these hunt only in their home county. Most hunted counties have only one 
or two origin areas. The data were just not extensive enough to perform 840 
regressions for K AJ and N AJ" Somehow, the hunted counties had to be grouped. 
Equation 24 provides an approach for estimating each U AJ (the economic 
value of a hunter trip in each county) from the raw data. This value proved to 
be a convenient index for grouping. 
INDEX UNIT VALUES 
Inspection of the basic gravity model (Equation 1) reveals that for 
distances greater than unity the predicted travel between two nodes will 
become smaller with larger values of n. Differentiation of Equation 1 with 
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respect to D reveals that the rate at which travel falls off with increasing 
distance becomes larger with larger values of n. A destination associated 
with a smaller value of n will attract a proportionally larger share of its 
visitors from more distant origins. 
If the gravity model is being applied to recreation areas, this type of 
visitor distribution is associated with rare or unique sites. When reviewing 
hunting data, one should not be too surprised to find the number of hunters 
going to a good area to include a relatively larger proportion of people living 
at a distance than does the number of hunters going to a poor area. A poor 
area could be expected primarily to be used by local hunters unable or unwilling 
to make a trip to better but more distant locations. Furthermore, the good 
sites may well have a gigher U AJ as well as a lower N AJ' In the notation of 
Equation 24, the N AJ which should be used to estimate U AJ may well depend 
on the value U AJ has. 
The procedure followed to test whether the data did in fact reflect such 
an interrelationship was to group the counties hunted for each species group 
according to their relative economic value of a hunter trip (U A}. The 
selection of quartiles or groups of 30 counties each was arbitrary but convenient; 
other group sizes might have been tried. Larger groups would have fewer points. 
Smaller groups would favor estimates having greater scatter. 
The data pertaining to each quartile could then be aggregated before 
regression to estimate NQJ and KQJ (for each species group by quartile) 
where the Q subscript indicates the best fit value for the counties in the 
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quartile as a whole. The basic model to be used would be Equation 13 except 
that J would vary from 1 to 4 rather than 1 to 120. 
As long as NAJ could be assumed to decrease monotonically with 
increasing U AJ' any uniform value of N AJ could be selected for application in 
Equation 24 to estimate the index for ranking the counties into quartiles. Since 
the computed quantity is an index rather than a true economic value the notation 
UAJ will be used. The UAJ were estimated by arbitrarily setting N AJ at 3. 0 
for all counties and applying Equation 24 based on all HIJ (i.e. no values were 
excluded because of their large Dri· The results for each county are shown 
on Table IV. Each county has seven index values, one for each species group. 
The index unit value for the counties in each quartile as a whole by species group 
(UQJ) was also calculated by including the data for all quartile counties in 
Equation 24, and the results are shown on Table III. 
QUARTILE PARAMETERS 
County Grouping: The data recorded squirrel hunting in 120 counties, rabbit 
hunting in 120 counties, bobwhite hunting in 120 counties, hunting for the farm 
menace species in 119 counties, hunting for the sectional winged species in 
110 counties, deer hunting in 44 counties, and waterfowl hunting in 50 counties. 
The county index values for each species group were used to aggregate the 
counties into quartiles. The largest 30 unit values for a given species group 
were placed in quartile one for that group, the next 30 in quartile two, the 
next 30 in quartile three, and the smallest 30 in quartile four. Only two 
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"quartiles" each were used for deer and waterfowl because of the more limited 
number of counties hunted. 
Regression for Quartile Parameters: Equation 13 provided the basic regression 
model. A log transform was used to make linear regression possible. Bianchi 
(5, p, 66) had tried nonlinear regression and compared estimates of N obtained 
by various methods. Bianchi had to weight his data because of large differences 
in the populations represented by his points, but more equal populations did 
not make that necessary in this case. Linear regression was used in this 
study because it seemed by eye to reasonably fit plotted points (Figure 5) and 
was more easily executed. The log transform of Equation 13 produced: 
(27) 
where E is the observation error. The regression goal is to find the values g 
of KQJ and N QJ which when used for K AJ and N AJ for all G sets of HIJ' P 1, 
AJ' and DIJ contained within the quartile will minimize the sum of the square 
of the E . g 
Hunting data for the 30 counties in each quartile had to be aggregated for 
the analysis. The hunted county with the highest index (UAJ) for the species 
group was considered first. The number of hunters (~J) and population (P 1) 
data pertaining to each origin county within the cutoff distance of 160 miles 
to the hunting county were placed in a 2 by 160 array at the point corresponding 
to the distance between the counties (D1J). Then the remaining 29 hunted counties 
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FIGURE 5: Linear Regression Using First Quartile Squirrel Data 
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in the quartile were taken one by one, and the data for the appropriate origin 
counties were added to the previous totals at the point specified by the D1J in 
the same array. After going through all 30 counties, the 40th pair of values 
contained the total population and the total expanded hunting trips from all 
origin areas measured as being 40 miles from any of the 30 hunting areas. If 
for any distance the population ( !; P 
1
) was zero, then that point was excluded 
from the calculations. If for any distance, the visitors (!; HIJ) were equal to 
zero but the population was greater than zero, then the population was 
accumulated with the totals for increasingly larger distances until a positive 
(greater than zero) number of visitors was encountered or D exceeded 160 miles. 
Equation 28 with n = 3 was used to estimate an average distance for the 
accumulated population. For the extent of combining and for the range in 
values of NQJ encountered, cycling the regression with n = NQJ in equation 28 
to reestimate D did not appreciably change the results. After the combining 
was completed, HIJ I P1AJ was determined for each distance remaining. These 
points provided the data for the regression based on Equation 27. The data 
points and results for the first quartile, the 30 best squirrel hunting counties, 
are shown on Figure 5. All NQJ and KQJ are listed on Table III. 
Average Distance: When it was necessary to combine M populations at 
different distances to avoid zero values of HIJ' the sum of the combined 
populations and hunter trips was used with an average distance selected in such 
a manner that the !; HIJ for the individual points would be the same as the H1J 
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TABLE III 
PARAMETER VALUES BY QUARTILE 
Species Group Quartile NQJ U' QJ UQJ KQJ 
n=3, L="' n=NQJ' L=l60 
Squirrel 1 2.042 1. 667 1. 842 0.6793 
2 3.057 0.982 0. 838 4.3338 
3 3.449 0.731 0.592 4.3787 
4 3.182 0.586 0.494 2.4680 
Rabbit 1 2.084 2.113 2.028 1. 4871 
2 2.763 1.169 1.132 3.2721 
3 3.569 0.843 0.632 5.3558 
4 3.686 0.665 0.463 4. 8361 
Bobwhite 1 2.021 2.034 1. 931 0.9898 
2 2.833 1.037 1. 019 3.1539 
3 3.525 0.753 0.589 4.1545 
4 3.192 0.674 0. 532 1. 7566 
Farm Menace 1 3.289 1.172 0.943 4.8702 
2 4.179 0.699 0.439 6.1652 
3 4.941 0.576 0.292 7.0903 
4 5.105 0.485 0.239 6.3550 
Sectional Winged 1 2.064 1. 788 1. 946 0. 0771 
2 3.819 0.877 0.607 5.5892 
3 4.932 0.619 0.310 6.6926 
4 5.097 0.482 0.235 4.4803 
Deer** 1 1. 373 3.065 3.103 3.1083 
2 2.059 1. 013 1. 603 0.2643 
Waterfowl** 1 2.642 1. 351 1. 335 0.3902 
2 5.434 0.520 0.234 5.7258 
** Hunting observed in less than half the counties. 
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FIGURE 6: Plot of Quartile Unit Values vs. Gravity Model NQ 
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estimated from the single aggregated point. The resulting expression (5, p. 18) 
is 1/n 
D = (28) 
Relationship Among Paremeter Values: After the quartile value of NQJ was 
determined, a quartile unit economic value (U QJ) was calculated by using the 
quartile NQJ and applying the L of 160 miles in Equation 20. 
also on Table III. 
These values are 
Quartile values of U'QJ are plotted against the corresponding NQJ on 
Figure 6. Quartile economic unit values (UQJ) are also plotted against the 
corresponding KQJ on Figure 7. Both Table III and Figure 7 show the relation-
ship involving K to exhibit considerably more scatter than that involving N. 
Therefore, it was decided to use Figure 6 as the primary relationship. 
SAMPLE ESTIMATE OF COUNTY INDEX VALUE PER HUNTER TRIP 
In order to illustrate the computations used to estimate the unit value 
per hunter-trip through the process described above, a particular example was 
chosen. The actual computational work was programmed and executed by 
digital computer. The chosen example is squirrel hunting in Boyd County. 
The data showed that 40 trips by hunters from Boyd County (DIJ = 5 miles) 
and 2 trips by hunters from Greenup (DIJ = 16 miles) were made in Boyd County 
for squirrels. No hunters were observed from any other county. These values 
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plus the appropriate values iron:. Tabh II provide the required information t::i 
expand observ~ed tc total eetiinated trips and esti.rriate the &verage unit econorri.ic 
value of squirrel hunt;ng in Boyd Coll1lty. 
Expanded Trip~: UGing the p~ocedure outline in Chapter IV, the data for 
squirrel hunting i11 Boyd Cc:ur,ty was expanded as follows: 
120 
Ll94 [ J . 3780 (2) 2905 J - (,O)~ + i;H 32 Boyd, J 
J~l 
5470 r from ] 216[from J + ~ Boyd Greenup 
5686 expanded trips 
Index Unit Value: Using Equation 2~. the estimated marginal travel cost of 
C = 0.1612, and asmunirrg NAJ .~ 3, the Index average unit value per hunter-
day for squirrels in Boyd Co,~nty can be calculated. 
0., 161.2 u• a. ---
AJ \J - 1) 
- 0, 0806 
[ 
J5470) (5) + (216) (lG) ] 
5470 + 216 
[ 
27350 + 3456 ] 
5686 
(Delia.rs) 
Tl:te abo7e index s,nit val ;;e ranked. Boyd 116th among tl:te 120 counties. 
Boyd County for squirrel hunting was placed in the fourth quartile for the purpose 
of regression for NQ,l' The lligh popuhtion density in tl:te county (Table lI) may 
help explain the low ranking . .' 
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CHAPTER VI 
ESTIMATION OF COUNTY PARAMETERS 
INTRODUCTION 
Having estimated values of KA, NA' and tb.e unit economic value per 
hunter-trip by quartile, it was next desired to estimate these values by county. 
The basic assumption used in this process was that tb.e relationsb.ip exb.ibited 
on Figure 6 among tb.e quartile index values (UQJ), the NQJ' and tb.e quartile 
mean unit economic values of a hunter trip (UQJ) also applied among tb.e same 
tb.ree variables defined on a county basis. Tb.e county index values could then 
be used to estimate tb.e other two parameters. 
Tb.e N AJ and U AJ were estimated on tb.e basis of counties specified by 
name, and no attempt was made to associate their values witb. pb.ysical or 
economic characteristics of the county. Because tb.e relationship for KA of 
Figure 7 was much more poorly defined, the estimation of tb.e K AJ needed to 
be considered further. 
COUNTY INDEX UNIT VALUES 
The county index unit values as calculated for the purpose of grouping 
counties into quartiles were not well suited for direct use in entering Figure 6 
for estimating parameters for individual counties. Tb.e relatively small amount 
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• 
of raw data available per individual county was causing too much scatter in index 
values among adjacent counties known to l:tave comparable l:tunting areas . 
In order to dampen "wild" estimates of tl:te index UAJ' caused by tl:te 
small sample size, county indices were averaged witl:t surrounding counties 
before entering Figure 6 for estimates of U AJ and N AJ' The quality of l:tabitat 
areas do not vary as drastically when one crosses county lines as did tl:te 
estimates of UAJ. Tl:te goal of averaging was to obtain weighted regional values 
based on a larger group of data. Averaging was done by combining tl:te data 
for all counties involved in Equation 24. 
The question to be decided was how many surrounding counties to include 
in tl:te averaging. Tl:te county index for squirrel l:tunting in Boyd of $0. 437 
increases to $0. 541 wl:ten it is averaged with tl:te index of its closest neigl:tbor, 
Greenup; averaging it witl:t Boyd's two closest neighbors, Greenup and 
Lawrence, it becomes $0. 673; bringing in Boyd's third closest neighbor, 
Carter, the index becomes $0. 690; bringing in tl:te fourth closest neighbor, 
Elliott, results in a unit value for Boyd of $0. 678. The county indices chosen 
and presented in Table IV are those calculated (witl:t all N AJ = 3. 0) using 
Equation 24 and including data for tl:te tl:tree closest neighboring counties. Tl:te 
choice of three neigl:tbors was based on a value judgment seeking a desirable 
degree of dampening and a review of the effects of including from one to four 
neighbors on tl:te index estimate for eacl:t county-species group combination. 
Where tl:te data showed no hunting for a given species group in a given county 
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(often because it lacked the suitable habitat, say waterfowl areas, of its 
neighbor) the county index was taken as zero and no averaging was used. 
COUNTY VALUES OF U AJ AND N AJ 
Certain rules had to be applied in the use of Figure 6 for estimating 
county values since the quartile indices did not provide distinct curves for all 
values of the county indices. The ranges are as follows: 
1. If U' AJ = 0 (no observed hunting for the species group in the county) 
N AJ would read as infinity, and U AJ as zero. 
2. If N AJ > 2. 28 (U' AJ <)l. 50), the two distinct curves plotted on 
Figure 5, were used. 
3. If N AJ < 2. 28 (U'AJ > 1. 50), the two curves blended together as 
shown on the figure, and the index value was taken as the estimate of 
unit value. 
4. If N AJ < 1. 25, U AJ was taken as a maximum value of 3. 50. 
Without this restriction, U AJ becomes indefinitely large as N AJ 
approaches unity. 
Values for N AJ for each hunting county by species group were taken 
from Figure 6 by starting with the index unit value (U' AJ) given on Table IV 
and following that index unit value until the solid curve was intercepted and 
then reading horizontally for the N AJ value at that intercept. The corresponding 
unit economic value (U AJ) was read from the dashed line for the N AJ of 
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interception. The index and economic unit value (in 1968 dollars), and N AJ 
and the expanded trips are presented for hunting each species group in each 
county on Table IV. 
EVALUATION OF K 
Once the value of the N A}n Equation 13 (or more generally in Equation 12) 
had been set, the K AJ (or more generally the K1J) needed to be determined in 
order to estimate the total hunter-trips into any hunting area. Figure 7 was 
not used for this purpose because of the observed scatter in the plotted points 
and the probability that separate rounuing would upset the estimation (the 
rounded K AJ would not congruous with the rounded N AJ). Therefore, it was 
decided to try a different approach to estimate the implied K for the situation 
by working backwards through the equations with everything else known and to 
try to associate the observed variation in K values with measureable county 
characteristics. The end product would be a means of estimating an applicable 
K, either an equation specifying a value or a calculated average value for 
general use in the event no significant equation could be derived. 
Implied Values of K AJ : The implied values of KA for each hunting area (J) 
were estimated from Equation 13 by summing over all I having a DIJ under 
50 miles. In equation form, 
K = 
AJ 
M 
!: 
I=l 
(29) 
where M is the number of origin areas within 50 miles of the hunting area. The 
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shorter cutoff distance was used in order to simplify the computations. The 
overwhelming majority of the hunter-trips were still included, and K AJ is not 
nearly so dependent on hunters from more distant locations as is N AJ' A 
total of 840 values of K AJ were estimated. 120 for each species. The next 
step was to determine whether or not these values were associated with known 
hunting area characteristics. 
Regression Model: The significance of the correlation between K AJ and the 
selected hunting area characteristics was determined by a linear regression 
analysis. The standard linear regression model is 
where 
K 
y = E 
k=O 
Y is dependent variable; 
bk are the K regression coefficients; 
~ are the K independent variables (known hunting area 
characteristics); X
O 
= 1. 
(30) 
Selected Independent Variables: Eight variables were tried as potential indices 
of county characteristics which might potentially be associated with good 
hunting areas and thus KA' The specific regression model was thus: 
(3il) 
where 
X0 = 1 (standard in linear regression) 
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County Trips 
Adair 9,694 
Allen 2,929 
Anderson 5,643 
Ballard 6,754 
Barren 5,829 
Bath 5,524 
Bell 8,881 
Boone 14,911 
Bourbon 2,188 
Boyd 5,687 
Boyle 2,061 
Bracken 3,873 
Breathitt 6,505 
Breckinridge 6,819 
Bullitt 18,536 
Butler 16,254 
Caldwell 7, 561 
Calloway 8,324 
Campbell 8,505 
Carlisle 1,869 
* 
TABLE IV 
UNIT VALUES AND CORRESPONDING N VALUES 
(BY COUNTY HUNTED AND SPECIES) 
Squirrel Rabbit 
* U'AJ NAJ UAJ Trips U'AJ NAJ UAJ 
0.82 3.56 0.57 5,201 0.95 3.15 0.77 
1.18 2.65 1.16 3,163 1.45 2.34 1. 44 
0.53 5.02 0.26 5,982 1. 06 2.89 0.98 
0.74 3. 87 0.47 3,275 0.78 3. 71 0.51 
2.40 1. 68 2.40 10,249 2.40 1. 68 2.40 
1. 20 2.63 1.18 9,536 1. 92 1. 96 1. 92 
0,82 3.56 0.57 3,453 0.88 3.36 0,64 
0.51 5.16 0.24 29,306 0.70 4.04 0.43 
2.55 1. 61 2.55 8,429 1. 62 2.19 L 62 
0.69 4.09 0.42 6,702 0.61 4.49 0,34 
1.14 2.73 1. 09 5,406 0,97 3.09 0.80 
1.12 2. 77 1. 06 2,876 1. 42 2.37 1. 41 
0.75 3. 83 0.48 2, 382 2.13 1. 83 2.13 
0.90 3.30 0.68 7,032 1. 46 2.33 1. 45 
0.88 3.36 0.64 15,761 0.96 3.12 0.79 
0.96 3.12 0.79 9,132 1. 92 1. 96 1. 92 
0.91 3.27 0.69 7,368 1.17 2.67 1.15 
1.10 2. 81 1. 04 4,045 1. 02 2.97 0.90 
0.65 4.29 0.38 7,681 0.84 3.48 0.59 
0.87 3.39 0.63 2,407 0.95 3.15 0.77 
A value of 1. 00 for N AJ indicates that no value could be defined. 
Bobwhite 
Trips U'AJ NAJ UAJ 
11, 746 0.83 3.52 0.58 
3,355 1. 57 2.22 1. 57 
2,989 0.99 3.05 0.84 
5,855 0,90 3.30 0.68 
11, 139 1. 52 2,26 1. 52 
3, 194 1. 70 2.13 1. 70 
1, 519 0.86 3.42 0.62 
6,582 0.58 4.67 0.31 
1,709 1. 36 2.43 1.35 
3,146 0.62 4.44 0.35 
1,193 0.74 3.87 0.47 
1,229 0.89 3.33 0.66 
114 0.52 5.09 0.25 
6,704 1. 68 2.15 1. 68 
5,804 1. 07 2.87 1. 00 
10, 301 2.31 1. 73 2.31 
11,844 1.11 2.79 1. 05 
12,276 0.91 3.27 0.69 
1,775 0.72 3. 95 0.45 
5,052 1. 25 2.57 1. 23 
<O 
"' 
•' 
County 
Carroll 
Carter 
Casey 
Christian 
Clark 
Clay 
Clinton 
Crittenden 
Cumberland 
Daviess 
Edmonson 
Elliott 
Estill 
Fayette 
Fleming 
Floyd 
Fra.nklin 
Fulton 
Gallatin 
Garrard 
Trips 
875 
26,853 
24,003 
12,801 
3,003 
11, 840 
2,081 
5,403 
4,042 
18, 035 
6.056 
7,323 
8,863 
3,329 
4,100 
29, 722 
2,236 
4,334 
264 
2,925 
TABLE IV (Continued) 
Sauirrel Rabbit 
U'AJ NAJ UAJ Trips U' AJ 
1. 26 2.56 1. 24 2,504 1.71 
0.63 4.39 0.36 10,782 0.61 
0.90 3.30 0.68 15,039 0.84 
0.92 3.24 o. 71 10,998 1. 06 
1. 47 2.31 1. 46 12,037 1.11 
0.87 3.39 0.63 10,442 0,85 
0.89 3.33 0.66 2,218 0.81 
0.88 3.36 0.64 3,685 0.80 
1. 38 2. 41 1. 37 1,996 2.88 
0.90 3. 30 0.68 18,878 1. 42 
1. 24 2.58 1. 22 3,890 2.03 
0.76 3.79 0.49 6,352 0.86 
0.68 4.14 0.41 1,422 1.15 
0.90 3.30 0.68 12,025 1.19 
0.85 3.45 0.61 14,206 2.04 
0.87 3.39 0.63 14,673 0.59 
0.80 3.64 0.53 8,338 1. 40 
0.76 3.79 0.49 5,200 0.86 
0.84 3.48 0,59 2,765 0.92 
1.14 2.73 1. 09 26, 1 78 0.97 
Bobwhite 
NAJ UAJ Trips U' AJ N AJ UAJ 
2.12 1. 71 479 2.13 1. 83 2.13 
4.49 0.34 7,547 0.58 4.67 0.31 
3.48 0.59 1,594 0.76 3.79 0.49 
2.89 0.98 12, 376 1. 05 2.91 0.96 
2.79 1. 05 2, 156 1.15 2. 71 1.11 
3.45 0.61 1,723 1. 06 2.89 0.98 
3.60 0.55 1,749 1. 86 2. 01 1. 86 
3.64 0.53 5,032 1.14 2. 73 1. 09 
1. 45 2.88 3,147 2.97 1. 42 2.97 
2.37 1. 41 8,427 1. 81 2.03 1. 81 
1. 90 2.03 3,743 1. 77 2.06 1. 77 
3.42 0.62 2,417 0.62 4.44 0.35 
2. 71 1.11 1,088 0.49 5.30 0.23 
2.64 1.17 128 1. 23 2.59 1. 21 
1. 89 2.04 3,302 1. 28 2.52 1. 26 
4.61 0.32 2, 357 0.64 4.34 0.37 
2.39 1. 39 1,464 1. 25 2.57 1. 23 
3.42 0.62 2,773 1. 39 2.40 1. 38 
3.24 o. 71 491 1.10 2. 81 1. 04 
3.09 0.80 1,277 0.74 3. 87 0.47 
··--~-·---·---
'"' 
"' 
County 
Grant 
Graves 
Grayson 
Green 
Greenup 
Hancock 
Hardin 
Harlan 
Harrison 
Hart 
Henderson 
Henry 
Hickman 
Hopkins 
Jackson 
Jefferson 
Jessamine 
Johnson 
Kenton 
Knott 
Trips 
7,819 
16,095 
11, 332 
8,556 
17,725 
3,130 
21,634 
16,570 
7,380 
5,228 
11, 999 
3,098 
1,834 
8,902 
5,409 
14,679 
3,058 
11, 264 
5,138 
7, 221 
-----·-·· -----·-
TABLE IV (Continued) 
Squirrel Rabbit 
U'AJ NAJ UAJ Trips U'AJ 
1.14 2. 73 1. 09 17,824 1. 20 
1.13 2.75 1. 07 10,482 0.80 
1. 58 2.22 1. 58 13,034 2.44 
1. 59 2.21 1. 59 4,645 2.32 
0.68 4.14 0.41 10,868 0.64 
1. 00 3.03 0.86 3,980 1. 67 
1. 01 3.01 0,88 20,026 1. 03 
0.74 3. 87 0.47 4,687 o. 87 
2.50 1. 63 2.50 11, 714 2.04 
1. 98 1. 92 1. 98 8,311 2,56 
0.68 4.14 0.41 18,246 0.78 
1.19 2. 64 1. 17 5,204 1. 63 
0.82 3.56 0.57 1,450 0.80 
0.72 3.95 0.45 8,848 0.79 
0.57 4. 73 0.30 3,355 2.06 
0.95 3.15 0.77 21,009 1. 04 
0.74 3. 87 0.47 6,769 0.90 
0.87 3.39 0.63 6, 278 0.59 
0.65 4.29 0.88 8,783 0,84 
0.80 3.64 0.53 2, 071 1. 04 
Bobwhite 
NAJ UAJ Trips U'AJ NAJ UAJ 
2.63 1.18 6,984 1.45 2.34 1. 44 
3.64 0.53 19, 516 0.93 3.21 0.73 
1. 67 2.44 21,579 1. 94 1. 95 1. 94 
1. 72 2.32 7,018 1. 44 2.35 1.43 
4.34 0.37 108 0.61 4.49 0.34 
2.15 1. 67 2,344 2.05 1. 88 2.05 
2. 95 0.92 11,760 1.16 2.69 1.13 
3.39 0.63 586 0.68 4.14 0.41 
1. 89 2.04 2,900 1. 43 2.36 1. 42 
1. 59 2.56 8,612 1. 43 2.36 1. 42 
3. 71 0.51 2,743 0.96 3.12 0.79 
2.19 1. 63 4,683 1. 81 2. 03 1,,81 
3.64 0.53 3, 571 0.97 3.09 0.80 
3.68 0.52 14,160 1. 08 2. 85 1. 02 
1. 87 2,06 602 0.52 5.09 0.25 
2.93 0.94 1,631 1. 20 2.63 1.18 
3,30 0.68 909 0.63 4.39 0.36 
4.61 0.32 1,469 0.64 4.34 0.37 
3.48 0.59 889 0.72 3.95 0.45 
2. 93 0.94 212 0.60 4.55 0.33 
"' 
"" 
County 
Knox 
Larue 
Laurel 
Lawrence 
Lee 
Leslie 
Letcher 
Lewis 
Lincoln 
Livingston 
Logan 
Lyon 
McCracken 
McCreary 
McLean 
Madison 
Magoffin 
Marion 
Marshall 
Martin 
Squirrel 
Trips U'AJ NAJ 
6,783 0,87 3.39 
4,768 1. 38 2.41 
9,532 0.98 3.07 
11,890 0.72 3.95 
3,476 0.58 4.67 
7,384 0.74 3. 87 
15,476 0.85 3.45 
9,691 0.64 4.34 
7,590 1.14 2.73 
5,778 0.92 3.24 
6,485 0,91 3.27 
3,923 0,89 3.33 
16,229 0.91 3,27 
10, 718 0.96 3.12 
5,848 0.91 3.27 
7,484 0.80 3.64 
4,671 0.91 3.27 
3,662 1.10 2. 81 
13,126 1. 09 2.83 
4,271 0,91 3.27 
TABLE IV (Continued) 
, Rabbit Bobwhite 
UAJ Trips U'AJ NAJ UAJ Trips U'AJ NAJ UAJ 
0.63 4,795 0.88 3,36 0.64 1,285 0.81 3.60 0.55 
1. 37 3,215 1. 64 2.18 1. 64 5, 102 1. 20 2.63 1.18 
0.82 5,965 0.86 3.42 0.62 7,975 1. 03 2.95 0.92 
0 .. 45 4,341 0.62 4.44 0.35 2,762 0,64 4.34 0.37 
0.31 1,540 2.25 1. 76 2.25 723 0.50 5.23 0.24 
0.47 677 0.84 3.48 0.59 107 1. 28 2. 52 1. 26 
0,61 5,630 1. 00 3.03 0.86 2,533 0.65 4.29 0.38 
0.37 6,103 1. 48 2.30 1. 47 120 0.89 3.33 0.66 
1. 09 10,336 0.97 3,09 0.80 1,449 0.74 3. 87 0,47 
0. 71 7,750 0.66 4.24 0.39 7,456 0.76 3,79 0.49 
0.69 9,023 1,17 2.67 1.15 8,977 1. 30 2. 50 L28 
0.66 1,728 0.80 3.64 0,53 5,173 1.14 2.73 1. 09 
0.69 12,626 0.70 4.04 0.43 26,767 0. 72 3. 95 0.45 
0.79 5,125 0.95 3.15 0.77 1,710 0.82 3.56 0.57 
0,69 7,658 1. 40 2.39 1. 39 5,342 1. 83 2.02 1. 83 
0.53 J.3,486 0,98 3.07 0.82 415 0.64 4.34 0.37 
0.69 3,167 0, 71 3.99 0.44 1,188 0,60 4.55 0.33 
1. 04 4,950 1. 47 2.31 1. 46 4,223 1. 30 2.50 1. 28 
1. 03 7,041 0.75 3. 83 0.48 10, 229 0.89 3.33 0.66 
0.69 1,529 0,63 4.39 0.36 1,342 0.65 4,29 0.38 
"' 
"' 
' 
County 
Mason 
Meade 
Menifee 
Mercer 
Metcalfe 
Monroe 
Montgomery 
Morgan 
Muhlenberg 
Nelson 
Nicholas 
Ohio 
Oldham 
Owen 
Owsley 
Pendleton 
Perry 
Pike 
Powell 
Pulaski . 
Trips 
7,377 
15, 979 
3,277 
1,588 
3,573 
2,908 
1,140 
6,768 
22,905 
16,655 
1,492 
18,256 
11,206 
3,874 
2, 184 
6,399 
14,278 
20,929 
4,145 
19,224 
TABLE IV (Continued) 
Squirrel Rabbit 
U'AJ NAJ UAJ Trips U•AJ 
0.92 3.24 0. 71 13,959 1. 97 
0.91 3.27 0.69 10,430 1.15 
0.73 3.91 0.46 1, 010 1. 70 
1.14 2.73 1. 09 5,654 0.97 
1.14 2.73 1. 09 1,808 1. 50 
1.89 1. 99 1. 89 4,726 2.52 
1.18 2.65 1.16 4, 635 1. 40 
0.74 3.87 0.47 4,591 0.86 
0.89 3. 33 0.66 17,338 1. 44 
1. 08 2.85 1. 02 7,808 1. 37 
2.50 1. 63 2.50 4,281 2.04 
0.92 3. 24 0. 71 9,101 1. 47 
1.19 2.64 1.17 11,995 1. 63 
1. 22 2.60 1. 20 5,112 1. 51 
0.73 3.91 0.46 2,294 1. 98 
1. 39 2.40 1. 38 14,086 1. 38 
0,80 3.64 0.53 2,189 1. 04 
0.96 3.12 0.79 5,207 0.82 
0.79 3.68 0.52 1,787 1. 31 
1. 04 2. 93 0. 94. 16,208 0.83 
Bobwhite 
NAJ UAJ Trips U'AJ NAJ UAJ 
1. 93 1. 97 1,054 0.85 3.45 0.61 
2. 71 1.11 17,201 1. 27 2.54 1. 25 
2.13 1. 70 375 0.69 4.09 0.42 
3.09 0.80 1,089 0.74 3.87 0.47 
2.28 1. 50 2,894 I.49 2.29 1. 48 
1. 63 2.52 4,653 2.41 1. 67 2.41 
2.39 1. 39 1,748 0.93 3.21 0.73 
3.42 0.62 1,910 0.55 4.87 0.28 
2.35 1. 43 17, 329 1. 72 2.11 1. 72 
2.42 1. 36 9,479 1. 21 2.61 1.19 
1. 89 2.04 1,334 1. 43 2.36 1. 42 
2.31 1. 46 17,260 2.04 1. 89 2.04 
2.19 1. 63 5,643 1. 81 2. 03 1. 81 
2.27 1. 51 8,797 1. 77 2.06 1. 77 
1. 93 1. 98 117 0.56 4.80 0.29 
2. 41 1. 37 3,438 1. 34 2.45 1. 33 
2. 93 0.94 1,175 0.60 4.55 0.33 
3.56 0.57 1,198 0.75 3. 83 0.48 
2.49 1. 29 3, 147 0.90 3.30 0.68 
3.52 0.58 8,649 0.84 3.48 0.59 
"' 0, 
County 
Robertson 
Rockcastle 
Rowan 
Russell 
Scott 
Shelby 
Simpson 
Spencer 
Taylor 
Todd 
Trigg 
Trimble 
Union 
Warren 
Washington 
Wayne 
Webster 
Whitley 
Wolfe 
Woodford 
Trips 
1,622 
4,462 
13,493 
4,089 
6,361 
5,729 
5,096 
5,785 
7,928 
12,159 
6,101 
1,784 
12,937 
21,007 
3,322 
10,247 
8, 714 
13,036 
4,656 
749 
TABLE IV (Continued) 
Squirrel Rabbit 
U'AJ N AJ UAJ Trips UAJ 
2.58 1. 58 2.58 2,659 2.10 
1. 06 2.89 0,,98 1,999 0.65 
0.67 4.19 0.40 4,522 1. 38 
0.88 3.36 0.64 3,578 0.96 
1. 05 2. 91 0,96 9,269 1.46 
1. 26 2.56 1. 24 18,268 1. 67 
1. 01 3. 01 0.88 6,527 1. 25 
0.96 3.12 0.79 6,187 1. 33 
1. 03 2.95 0.92 6,417 1. 46 
0.96 3.12 0.79 9,677 0.91 
0.91 3.27 0.69 8,422 1.10 
1. 28 2.52 1. 26 3,303 1. 65 
0.74 3. 87 0.47 10,509 0.83 
0.83 3.52 0.58 24,876 1. 33 
1.15 2. 71 1.11 6,001 1. 61 
1. 01 3. 01 0.88 8,616 0.88 
0.67 4.19 0.40 7,258 0.81 
0,83 3. 52 0.58 8,303 1.10 
0.72 3.95 0.45 2,399 0.78 
0.53 5.02 0.26 2,534 0.85 
Bobwhite 
NAJ UAJ Trips UAJ NAJ u AJ 
1. 85 2.10 2,479 1. 39 2.40 1.38 
4.29 o. 38 614 0.69 4. 09 0.42 
2. 41 1. 37 3, 382 0.70 4.04 0,43 
3.12 0.79 3,065 0,76 3.79 0.49 
2.33 1. 45 2,703 1. 25 2.57 1. 23 
2.15 1. 67 2,282 1. 79 2. 05 1. 79 
2.57 1. 23 816 1. 43 2.36 l, 42 
2.46 1. 31 4,384 1. 20 2.63 1.18 
2.33 1. 45 2,383 1.17 2.67 1.15 
3.27 0.69 12,010 1. 06 2.89 0.98 
2.81 1. 04 17,838 1.14 2.76 1.09 
2.17 1. 65 1,104 1. 76 2.07 1. 76 
3.52 0.58 4,988 1. 03 2.95 0.92 
2.46 1. 31 18,948 2.03 1. 90 2.03 
2.20 1. 61 1,815 1. 25 2.57 1. 23 
3.36 0.64 3,136 0.88 3.36 0.64 
3.60 0.55 9,734 1. 36 2.43 1. 35 
2.81 1. 04 10, 710 0.84 3.48 0.61 
3. 71 0.51 895 0.54 4.95 0.27 
3.45 0.61 867 1. 00 3,03 0.86 
"' 
_, 
I 
County 
Adair 
Allen 
Anderson 
Ballard 
Barren 
Bath 
Bell 
Boone 
Bourbon 
Boyd 
Boyle 
Bracken 
Breathitt 
Breckinridge 
Bullitt 
Butler 
Caldwell 
Calloway 
Campbell 
Carlisle 
Trips 
993 
3,240 
11, 733 
6,551 
3;262 
4,001 
5,189 
12,809 
4,245 
2,462 
2,232 
2,272 
3,525 
6,415 
14,633 
5,359 
6,860 
7,490 
444 
1,562 
Farm Menace 
U'AJ NAJ 
0.60 4.55 
1. 03 2.95 
0,63 4.39 
1. 24 2,58 
0.90 3.30 
0.62 4.44 
0.74 3.87 
0.51 5.16 
0.66 4.24 
0.61 4.49 
0.99 3. 05 
0.87 3,39 
0.62 4.44 
1. 24 2.58 
0.98 3.07 
1.05 2.91 
0.78 3. 71 
0.65 4.29 
0.63 4.39 
2.03 1. 90 
TABLE IV (Continued) 
Sectional Winired 
UAJ Trips U'AJ NAJ 
0.33 90 1. 37 2.42 
0.92 423 0.88 3.36 
0.36 1,324 0.51 5.16 
1. 22 5,558 0.98 3,07 
0.68 2,123 0.87 3.39 
0,35 1,300 1. 36 2.43 
0.47 2,278 0.70 4004 
0.24 3, 116 0.49 5.30 
0. 39 2,095 1. 59 2.21 
0.34 1,094 0.61 4.49 
0.84 340 1. 33 2.46 
0.63 0 o.oo 1. 00 
0.35 778 1. 32 2.48 
1. 22 1,249 1. 43 2.36 
0.82 2,704 0,93 3. 21 
0.96 594 0.88 3.36 
0.51 1,914 1.16 2.69 
0.38 2, 151 1. 06 2.89 
0.36 740 0,49 5.30 
2.03 1,565 1. 22 2.60 
Deer 
UAJ Trips 
. 
U'AJ NAJ U AJ 
1. 36 0 0.00 1. 00 0,00 
0.64 0 0.00 1. 00 0.00 
0.24 0 0.00 1. 00 0.00 
0.82 0 0.00 1. 00 0.00 
0.63 0 0.00 1. 00 Cl 00 
1. 35 547 3,21 1. 33 3.21 
0.43 0 0.00 1. 00 0.00 
0.23 579 0.48 5.36 0.23 
1. 59 0 0.00 1. 00 0.00 
0.34 0 0.00 1. 00 0,00 
1. 31 0 0.00 1. 00 0.00 
o.oo 0 0.00 1. 00 0.00 
1. 30 256 2.40 1. 68 2.40 
1. 42 124 1. 90 1. 98 1. 90 
0.73 4,101 1. 97 1.93 1. 97 
0.64 0 0.00 1. 00 0.00 
1.13 153 1. 86 2. 01 1. 86 
0.98 0 0.00 1. 00 0.00 
0.23 0 0.00 1. 00 0.00 
1. 20 0 0.00 1. 00 0,00 
I 
'° 00 
County 
Carroll 
Carter 
Casey 
Christian 
Clark 
Clay 
Clinton 
Crittenden 
Cumberland 
Daviess 
Edmonson 
Elliott 
Estill 
Fayette 
Fleming 
Floyd 
Franklin 
Fulton 
Gallatin 
Garrard 
Farm Menace 
Trips u• AJ NAJ 
0 0.57 4.73 
21,281 0.59 4,61 
8,608 0.59 4. 61 
10,468 0.82 3,56 
27,107 0.64 4.34 
5,689 0.70 4.04 
95 0,58 4.67 
3,340 0.70 4.04 
6,352 0.56 4. 80 
6, 182 1.14 2.73 
6,352 1,12 2.77 
6,536 o. 61 4.49 
7, 619 : 0. 62 4.44 
15,722 0.79 3.68 
2,800 0.63 4.39 
12, 593 0.57 4.73 
149 0.73 3, 91 
1,300 1. 93 1. 96 
264 1. 03 2. 95 
6,509 0.99 3.05 
TABLE IV (Continued) 
Sectional Winged Deer 
UAJ Trips u•AJ NAJ UAJ Trips u• AJ N A,l UAJ 
0,30 0 o.oo L 00 0.00 0 0,00 1. 00 0.00 
0,32 3,568 0.64 4.34 0.37 0 0.00 1. 00 0.00 
0.32 106 0.57 4. 73 0.30 0 0.00 1. 00 0.00 
0.57 5, 392 0,96 3,12 0.79 5,681 2.14 1.82. 2 .. 14 
0.37 2,354 1. 40 2.39 1. 39 0 0,00 1. 00 0.00 
0.43 5,460 1. 08 2.85 1.02 293 1. 86 2. 01 1. 86 
0.31 1, 418 1. 38 2. 41 1. 37 142 1. 46 2.33 1. 45 
0.43 1,379 1. 36 2.43 1. 35 506 2.14 1. 82 2.14 
0.29 0 0.00 1. 00 0,00 903 1. 46 2.33 1. 45 
1. 09 6,040 0.91 3.27 0,69 0 0.00 1. 00 0.00 
1. 06 697 0.95 3.15 0.77 6,666 3.90 1. 25 3.90 
o. 34 1,336 0.70 4.04 0,43 0 0.00 1. 00 0.00 
0.35 311 0.85 3.45 0,61 0 0.00 1. 00 0.00 
0.52 2,655 0.84 3,48 0,59 0 0.00 1. 00 0.00 
0.36 266 0.54 4.95 0.27 0 0.00 1. 00 0.00 
0.30 7,430 0.58 4. 67 0.31 1,620 7.45 1. 25 7.45 
0.46 1,043 0,67 4.19 0.40 0 0.00 L.00. Jl .. 0.0 
1. 93 1,820 1.19 2.64 1.17 0 0.00 1. 00 0.00 
0.92 0 o.oo 1. 00 0.00 0 0,00 1. 00 0.00 
0.84 129 1. 33 2.46 1. 31 0 0.00 1. 00 0.00 
TABLE IV (Continued) 
Farm Menace Sectional Win1Ted Deer 
County Trips UAJ NAJ UAJ Trips U'AJ NAJ UAJ Trips U'AJ NAJ UAJ 
Grant 8,404 1. 23 2.59 1. 21 393 1. rs 2.65 1.16 0 0.00 1. 00 0.00 
Graves 756 0,64 4.34 0,37 4, 748 1.12 2.77 1. 06 0 0.00 1. 00 0.00 
Grayson 2,036 1.13 2.75 1. 07 1,613 1. 32 2.48 1. 30 1,087 3.87 1. 25 3.87 
Green 2, 741 0,63 4.39 0.36 611 0.73 3.91 0,46 0 0.00 1. 00 '.O .. OU 
I 
Greenup 3,794 0.62 4.44 0,35 2, 818 1.11 2.79 1. 05 0 0.00 1. 00 0.00 
Hancock 651 1.18 2.65 1.16 589 1.12 2.77 1. 06 169 3.82 1. 25 3.82 
(g Hardin 8,147 1.18 2.65 1.16 5,474 0.92 3.24 0. 71 6,923 2.42 1. 67 2.42 
Harlan 6,836 0,67 4.19 0,40 5,469 0,68 4.14 0.41 0 0.00 1. 00 0.00 
Harrison 7,577 0,80 3.64 0,53 0 0,00 1. 00 0.00 0 0.00 1. 00 0.00 
Hart 3,367 0.85 3.45 0.61 4,124 0.76 3.79 0.49 3,757 3.82 1. 25 :3 .. '82 
Henderson 10, 713 0.66 4.24 0.39 5,081 0.68 4.14 0.41 0 0.00 1. 00 0 .. 00 
Henry 4,282 0.87 3.39 0.63 1,887 1. 50 2.28 1. 50 0 0.00 1. 00 0.00 
Hickman 664 0.67 4.19 0.40 3·; 732 0.99 3,05 0.84 0 0.00 1. 00 0.00 
Hopkins 1,866 0.70 4.04 0,43 5,151 1. 62 2.19 1. 62 517 0.72 3.95 0.45 
Jackson 1,927 0.50 5.23 0.24 4,703 0.85 3.45 0. 61 1,292 2.03 1.90 2.03 
Jefferson 16, 311 0.93 3.21 0,73 2,990 1.12 2,77 1. 06 0 0.00 1. 00 0.00 
Jessamine 8,006 0.68 4.14 0,41 1,453 o. 81 3.60 0.55 0 0.00 1. 00 0.00 
Johnson 10,018 0.57 4.73 0,30 4,408 0.58 4.67 0.31 0 0.00 1. 00 0 .. 00 
Kenton 1,888 0.63 4.39 0.36 111 0.49 5.30 0.23 0 0.00 1. 00 0.00 
Knott 2,863 0.58 4.67 0.47 1,597 0.60 4.55 0.33 0 0.00 1. 00 0.00 
.... 
0 
0 
County 
Knox 
Larue 
Laurel 
Lawrence 
Lee 
Leslie 
Letcher 
Lewis 
Lincoln 
Livingston 
Logan 
Lyon 
McCracken 
McCreary 
McLean 
Madison 
Magoffin 
Marion 
Marshall 
Martin 
Farm Menace 
Trips U' AJ NAJ 
649 o. 74 3.87 
2,474 1. 04 2. 93 
1,555 0.69 4.09 
1,483 0.62 4.44 
2,024 0.48 5.36 
3,524 o. 71 3.99 
6,662 0.63 4.39 
3,373 0.73 3. 91 
8,860 0.99 3.05 
7,760 0.58 4. 67 
4,808 0.95 3.15 
2,389 0.70 4.04 
10,507 0.58 4.67 
3,863 0.77 3. 75 
194 1.13 2.75 
15,664 0.78 3. 71 
1,188 0.59 4. 61 
1,842 1. 00 3.03 
11,343 0.63 4.39 
655 0.58 4.67 
TABLE IV (Continued) 
Sectional Winged 
UAJ Trips U'AJ NAJ 
0.47 278 0.79 3. 68 
0.94 1,960 0.88 3.36 
0.42 3,243 1. 09 2.83 
0.35 1,310 0.62 4.44 
0.23 1,591 1. 23 2.59 
0.44 1, 108 0.94 3.18 
0.36 4,128 0.66 4.24 
0.46 2,334 1. 33 2.46 
0.84 0 o.oo 1.-00 
0.31 l,051 0.79 3.68 
0.77 966 0.90 3.30 
0.43 1,005 1. 36 2.43 
0.31 9,709 0.78 3. 71 
0.50 826 0.80 3. 05 
1. 07 900 1. 69 2.14 
0.51 1;025 0.56 4.80 
0.32 633 0.60 4.55 
0.86 297 0.75 3.83 
0.36 2,146 1.15 2. 71 
0.31 0 0.00 1. 00 
Deer 
UAJ Trips U'AJ NAJ UAJ 
0.52 0 0.00 1. 00 0.00 
0.64 0 0.00 1. 00 0.00 
1.03 2,352 3,00 1.42 3.00 
0.35 0 0.00 1. 00 0.00 
1. 21 1,227 2.25 1. 76 2.25 
0.75 201 2.14 1. 82 2.14 
0.39 281 0.97 3.09 0.80 
1. 31 4, 634 3.56 1. 25 3.56 
0.00 0 0.00 1. 00 0.00 
0.52 132 1. 67 2.15 1. 67 
0.68 0 0.00 1. 00 0.00 
1. 35 2, 100 2.14 1. 82 2.14 
0.51 0 0.00 1. 00 0.00 
0.53 5,918 4.77 1. 25 4.77 
1. 69 0 0.00 l. 00 0.00 
0.25 1,781 1. 34 2,45 1. 33 
0.33 79 7.45 1. 25 7.45 
0.48 0 0.00 1. 00 0.00 
1.11 0 o.oo 1. 00 0.00 
0.00 0 0.00 1. 00 0,00 
,... 
0 ,... 
County 
Mason 
Meade 
Menifee 
Mercer 
Metcalfe 
Monroe 
Montgomery 
Morgan 
Muhlenberg 
Nelson 
Nicholas 
Ohio 
Oldham 
Owen 
Owsley 
Pendleton 
Perry 
Pike 
Powell 
Pulaski 
Farm Menace 
Trips U'AJ NAJ 
10,314 0,88 3,36 
10, 531 1.13 2,75 
1,993 0.65 4.29 
3,602 0.99 3.05 
1,657 0.84 3.48 
2,984 0,80 3.64 
2,487 0.55 4. 87 
5,273 0.55 4.87 
8,223 1.07 2. 87 
6,459 1,26 2.56 
1,827 0.80 3.64 
6,904 0.99 3.05 
6,890 0.87 3.39 
19,750 1.18 2,65 
120 0.62 4. 44 
2,450 1. 01 3.01 
1, 230 0.58 4.67 
2,695 0,66 4.24 
3,806 0.63 4.39 
8,136 0.70 4.04 
TABLE IV (Continued) 
Sectional Winged 
UAJ Trips U'AJ NAJ 
0.64 1,581 0.54 4.95 
1. 07 3,692 1.19 2.64 
0.38 1,288 1.12 2.77 
0.84 1,081 1. 33 2.46 
0.59 1,050 0.87 3.39 
0.53 2,357 1. 48 2.30 
0.28 264 1. 06 2.89 
0.28 2,445 0.95 3.15 
1. 00 5,124 1. 67 2.15 
1. 24 6,470 0.98 3.07 
0.53 0 0.00 1. 00 
0.84 1,018 0,84 3.48 
0.63 3,105 1. 50 2.28 
1.16 627 1.17 2.67 
0.35 898 0.93 3.21 
0.88 0 0.00 1. 00 
0.31 782 0.60 4. 55 
0.39 2,096 0.70 4.04 
0,36 3,433 1. 05 2. 91 
0,43 1,852 0. 71 3.99 
Deer 
UAJ Trips U'AJ NAJ UAJ 
0.27 0 0,00 1. 00 0.00 
1.17 7,734 2.07 1. 87 2.07 
1. 06 1,087 2.46 1. 65 2.46 
1. 31 0 0.00 1. 00 0.00 
0.63 542 1. 55 2.23 1. 5(\ 
1. 47 0 0.00 1. 00 o. o_o 
0.98 0 0.00 1. 00 0.00 
0.77 0 0.00 1. 00 0.00 
1. 67 0 0,00 1. 00 0.00 
o. 82 2,588 1.96 1. 94 1. 96 
0.00 0 0.00 1. 00 0.00 
0.59 781 4. 68 1. 25 4.68 
1. 50 0 0.00 1. 00 0.00 
1.15 0 0.00 1. 00 0.00 
0.73 1,302 2.23 1. 77 2.23 
0.00 0 0.00 1. 00 0.00 
0.33 276 0.91 3.27 0.69 
0.43 299 6. 71 1. 25 6. 71 
0.96 873 1. 93 1. 96 1. 93 
0.44 2,423 2. 71 1. 53 2. 71 
f--' 
0 
NJ 
County 
Robertson 
Rockcastle 
Rowan 
Russell 
Scott 
Shelby 
Simpson 
Spencer 
Taylor 
Todd 
Trigg 
Trimble 
Union 
Warren 
Washington 
Wayne 
Webster 
Whitley 
Wolfe 
Woodford 
Farm Menace 
Trips U'AJ NAJ 
6,577 0.90 3.30 
2,210 0.57 4.73 
5,597 0.53 5.02 
1,900 0.60 4.55 
17,568 0.84 3.48 
6,812 0.98 3.07 
4,596 0.93 3.21 
5,760 1. 22 2. 60 
8, 3()7 0.76 3.79 
3,049 0.82 3.56 
678 0.82 3. 56 
278 0.59 4.61 
15, 300 0.66 4.24 
11, 320 0.83 3.52 
4,365 1. 24 2.58 
4,813 0.73 3. 91 
3,745 0.65 4.29 
3,953 0.72 3. 95 
627 0.60 4.55 
2,759 0.64 4.34 
. 
TABLE IV (Continued) 
Sectional Winged 
UAJ Trips U'AJ NAJ 
0.68 116 1. 21 2.61 
0.30 614 0.80 3. 05 
0.26 6,591 0.92 3.24 
0.33 1,152 1. 36 2.43 
0.59 3,705 0.96 3.12 
0.82 1,359 1. 53 2.25 
0.73 2,241 0.94 3.18 
1. 20 1,691 1.13 2.75 
0.49 3,021 0.57 4. 73 
0.57 5,038 1. 00 3.03 
0.57 3,160 1.10 2. 81 
0. 32 0 o.oo 1. 00 
0.39 9,874 0.72 3.95 
0.58 10,015 0.87 3.39 
1. 22 582 0.80 3. 05 
0.46 1,750 1. 22 2.60 
0.38 1,418 1.13 2.75 
0.45 1,845 0.77 3. 75 
0.33 1,441 1. 72 2.11 
0,37 1,231 0.78 3. 71 
Deer 
UAJ Trips U' AJ NAJ UAJ 
1.19 0 0.00 1. 00 0.00 
0.50 617 2.55 L 61 2.55 
o. 71 821 3.35 1. 28 3.35 
1. 35 0 0.00 1. 00 0.00 
0.79 0 0.00 1. 00 0.00 
1. 53 0 0.00 1. 00 0.00 
0.75 0 0.00 L 00 0.00 
1. 07 0 0.00 1. 00 0.00 
0.30 0 0.00 1. 00 0.00 
0.86 0 0.00 1. 00 0.00 
1.04 1,483 2.05 1. 88 2.05 
o.oo 0 0.00 1. 00 0.00 
0.45 589 2.42 1. 67 2.42 
0.63 0 0.00 1. 00 0,00 
0.53 0 0.00 1. 00 0.00 
1. 20 0 0.00 L 00 0.00 
1. 07 0 0.00 1. 00 0.00 
0.50 0 0.00 L 00 0.00 
1. 72 2,261 2.61 1. 58 2.61 
0.51 0 0.00 1. 00 0.00 
'"" 0 
"" 
County 
Adair 
Allen 
Anderson 
Ballard 
Barren 
Bath 
Bell 
Boone 
Bourbon 
Boyd 
Boyle 
Bracken 
Breathitt 
Breckinridge 
Bullitt 
Butler 
Caldwell 
Calloway 
Campbell 
Carlisle 
Trips 
0 
0 
0 
13,552 
0 
54 
0 
289 
829 
0 
94 
0 
0 
335 
1,471 
0 
219 
1,770 
0 
333 
TABLE IV (Continued) 
Waterfowl 
U'AJ NAJ UAJ County 
0,00 1. 00 0,00 Carroll 
0.00 1. 00 0,00 Carter 
o. 00 1. 00 0.00 Casey 
1. 67 2.15 1. 67 Christian 
0.00 1. 00 0,00 Clark 
0.56 4.80 0,29 Clay 
0.00 1. 00 0,00 Clinton 
1. 60 2.21 1. 60 Crittenden 
0.56 4.80 0.29 Cumberland 
0,00 1. 00 0,00 Daviess 
0,40 5.65 0.17 Edmonson 
0.00 1. 00 0,00 Elliott 
0.00 1. 00 0,00 Estill 
1. 34 2.45 1. 33 Fayette 
1. 73 2.10 1. 73 Fleming 
0.00 1. 00 0.00 Floyd 
0. 71 3,99 0.44 Franklin 
0.62 4.44 0.35 Fulton 
0.00 1. 00 0.00 Gallatin 
1. 87 2.00 1. 87 Garrard 
Waterfowl 
Trips U' 
, AJ NAJ UAJ 
. 
0 . 0.00 1. 00 0,00 
0 0.00 1. 00 0.00 
106 0.64 4.34 0.37 
113 0.72 3.95 0.45 
0 0.00 1. 00 0.00 
0 0.00 1. 00 0.00 
425 0.93 3.21 0.73 
0 o.oo 1. 00 0.00 
456 0.87 3.39 0.63 
2,202 1. 95 1. 94 1. 95 
0 0.00 LOO 0,00 
0 0.00 1. 00 0.00 
0 0.00 1. 00 0.00 
0 0.00 1. 00 0.00 
0 0.00 1. 00 0.00 
231 0.64 4. 34 0.37 
128 1. 69 2.14 1. 69 
2, 167 1. 71 2.12 1. 71 
1,152 1. 60 2.21 1. 60 
0 0.00 1. 00 0.00 
TABLE IV (Continued) 
Waterfowl Waterfowl 
County Trips U'AJ NAJ UAJ County Trips U'AJ NAJ UAJ 
Grant 0 0.00 1. 00 0.00 Knox 0 0.00 1. 00 0.00 
Graves 151 0.59 4.61 0.32 Larue 0 0.00 1. 00 0.00 
Grayson 1,000 0.72 3.95 0.45 Laurel 311 0.64 4.34 0.37 
Green 420 0.70 4.04 0.43 Lawrence 267 1. 77 2.07 1. 77 
Greenup 2,942 0.97 3.09 0. 80 Lee 72 0.48 5.38 0.23 
Hancock 1,686 1. 87 2. 00 1. 87 Leslie 151 0.64 4.34 0.37 
I-' Hardin 399 2. 80 1. 48 2. 80 Letcher 657 0.56 4.80 0.29 0 
""" 
Harlan 0 o.oo 1. 00 0.00 Lewis 0 0.00 1. 00 0.00 
Harrison 0 0. 00 1. 00 0.00 Lincoln 0 0.00 1. 00 0.00 
' Hart 0 0.00 1. 00 0.00 Livingston 2,758 0.64 4. 34 0.37 
Henderson 2,683 1. 22 2.60 1.20 Logan 0 0.00 1. 00 0.00 
Henry 0 0.00 1. 00 0.00 Lyon 0 0.00 1. 00 0.00 
Hickman 950 0,52 5.09 0,25 McCracken 2,758 0.65 4, 29 o. 38 
Hopkins 689 0,72 3.95 0,45 McCreary 0 o.oo 1. 00 0,00 
Jackson 0 0,00 1. 00 0,00 McLean 0 o.oo 1. 00 0,00 
Jefferson 2,175 1. 66 2.16 1. 66 Madison 2,196 0,64 4.34 0,37 
Jessamine 0 0.00 1. 00 0.00 Magoffin 0 0.00 1. 00 0.00 
Johnson 0 o.oo 1. 00 o.oo Marion 0 0.00 1. 00 o.oo 
Kenton 0 0.00 1. 00 0.00 Marshall 2,698 0. 71 3.99 0.44 
Knott 0 0.00 1. 00 0,00 Martin 0 0.00 1. 00 0.00 
TABLE IV (Continued) 
Waterfowl Waterfowl 
County Trips U' AJ NAJ UAJ 
County Trips U'AJ NAJ UAJ 
Mason 0 0.00 1. 00 0,00 Robertson 0 0.00 1. 00 0.00 
Meade 5,619 1. 71 2.12 1. 71 Rockcastle 0 0.00 1. 00 0.00 
Menifee 0 0.00 1. 00 0.00 Rowan 350 0,56 4.80 0.29 
Mercer 0 0.00 1. 00 0.00 Russell 0 0.00 1. 00 0.00 
/ Metcalfe 97 1. 43 2.36 1. 42 Scott 0 0.00 1. 00 0.00 
Monroe 468 1. 03 2.95 0.92 Shelby 0 0.00 1.00 0.00 
.... Montgonwry 0 0.00 1. 00 0.00 Simpson 0 0.00 1. 00 0.00 
0 
"' Morgan 0 0.00 1. 00 0.00 Spencer 0 0.00 
1. 00 0.00 
Muhlenberg 953 2.13 1. 83 2.13 Taylor 0 0.00 1. 00 0,00 
Nelson 0 o.oo 1. 00 0. 00 Todd 0 o.oo 1. 00 0,00 
Nicholas 0 0.00 1. 00 0.00 Trigg 1, 017 0.72 3.95 0.45 
Ohio 544 2.77 1. 50 2. 77 Trimble 0 0.00 1. 00 0.00 
Oldham 193 0.40 5.15 0.17 Union 4, 260 1. 26 2.56 1. 24 
Owen 0 0.00 1. 00 0.00 Warren 230 0.91 3.27 0.69 
Owsley 0 0. 00 1. 00 0.00 Washington 0 0.00 1. 00 0.00 
Pendleton 0 0.00 1. 00 0.00 Wayne 438 0.67 4.19 0.40 
Perry 0 0.00 1. 00 0.00 Webster 0 0.00 1. 00 0.00 
Pike 0 0.00 1. 00 0.00 Whitley 0 0.00 1. 00 0.00 
Powell 0 0.00 1. 00 0.00 Wolfe 0 0.00 1. 00 0.00 
Pulaski 654 0. 73 3. 91 0.46 Woodford 0 0.00 1. 00 0.00 
x1 
x2 
x3 
x4 
x5 
x6 
x,, 
XS 
-
= 
= 
= 
= 
= 
= 
kills per square mile 
fraction of ttie county population classified as urban 
fraction of ttie county population classified as rural 
non-farm 
fraction of ttie county population classified as rural farm 
population density (people per square inile) 
x2 times x5 
x3 times x5 
x4 times x5 
JS. is a measure of tiunting success as indicated by ttie tiunting data. Ttie 
variables x 2, x 3, and x 4 are Census Bureau categories. x 5 is ttie total 
county population divided by ttie total county area in square miles. x6, x7, 
XS are forms of population density. Only six of ttie eigtit variables are 
independent. Before actually regressing, one of x 2 ttirougti x 4 and one of x 5 
ttirougti XS must be deleted. Ttie variables to delete are selected during ttie 
regression. 
Computerized Regression Analysis: Ttie regression analysis was done by 
using a University of Kentucky Computing Center Statistical Library Program 
entitled "MULTR-Stepwise Multiple Regression" (28). Ttie library program 
uses an F test and a specified minimum F value to determine if eacti proposed 
independent variable (tiunting-area ctiaracteristic) is significantly associated 
witti observed variation in ttie dependent variable (KA)). 
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"The variance-ratio; of an independent variable is a measure of its 
relative significance in 'explaining' the variance of the dependent variable" (28, 
p, 164). When performing a multiple regression, the program will not permit 
a variable whose variance-ratio is less than the specified F-value to remain 
in the regression equation. The variance-ratio is the ratio of the mean square 
of the deviation of the observed values from the mean of the observed values to 
the mean square of the deviation of the observed value from the value estimated 
by the regression equation. 
The variance-ratio is compared to an F-value specified according to 
the minimum explained degree of variation considered significant; and if the 
calculated value is less than the specified value, the independent variable is 
removed from the regression equation. A more detailed presentation of the 
statistical theory behind the F-test is found in a text on probability and 
statistics written by Draper and Smith (8, pp. 1-35). A more detailed 
explanation of the specific application of the F-test by the computer program 
MULTR, is also available (28, pp. 157 and 164). 
To specify a F-value, the desired confidence level must be selected and 
the degrees of freedom associated with each of the two terms in the variance-
ratio must be determined (8). For this study a confidence level of 95 per cent 
and the degrees of freedom of 100 and 1 (a minimum of 100 observations and 1 
independent variable) were used, These values specified a F-value of 3. 9 (28, 
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p, 164). The output from MULTR contains a calculated F-value for each 
step of the regression analysis. 
Also contained in the output from MULTR is an indicator labeled 
'R-square' (coefficient of multiple determination). The R-square measures 
the proportion of total variation of the dependent variable about its mean 
explained by the regression equation expressed as a percent (8, p. 26). 
The program (MULTR) sought a regression equation in two separate 
ways. In Method I, all of the independent variables were included in the 
regression equation, then the least significant variables were deleted one 
by one until only one variable remained. In Method II, the regression was 
done in steps, starting by including the most significant variable then adding 
the second most significant variable until all have been added or the specified 
F-test would not permit the addition of any more variables because they 
explain too little variation (28, pp. 154-170). 
The library computer program was run using the preceeding eight inde-
pendent variables. The results, as summarized for squirrels on Tables V and 
VI showed the regression to explain less than 10 percent of the variation in 
KA and only ~ and x2 to be significant at the 95 percent confidence level. The 
same conclusion was reached for each of the other species. 
Transformed Variables: After experiencing little success in the first attempt 
to obtain an equation by regression analysis for predicting KA' it was decided 
to try a log transform on Equation 31. The transformation was readily performed 
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for species groups 1 through 4 since the program MULTR has several 
transformation options built in. A log transformation was not practical for 
species groups 5, 6 and 7 because the hunting data for these groups contained 
too many zero values. The transformed version of Equation 31 is 
(32) 
where the variables remain as previously defined. The· results improved from 
explaining about 10 to explaining about 30 percent of the variation. The results 
for the regression analysis based on Equation 32 are presented for squirrels in 
Tables VII and VIII. The results for the other species groups were even less 
favorable. 
Selected Values for K: other combinations of variables and transformations 
were tried but with no more success. It was thus concluded that KA could 
not be associated in a predictive relationship with county characteristics. Any 
two way classification to estimate both KP and KA (Equation 12) would be 
more tenuous. If KA could not be related to hunting area characteristics, it 
is evident that little hope exists for relating KP to origin area characteristics 
or K
1
J to a combination of both types of characteristics. The efforts made 
in this direction bore this out· but will not be described in detail here. 
Another possibility would be to specify the 840 calculated values of KA 
based on Equation 29 directly by county and species group. Review of these 
values, however, indicated such an approach was probably not desirable. The 
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values varied over a large range and in a pattern which did not seem reasonable 
in the light of known hunting patterns and the previously estimated county unit 
economic values per hunter trip. 
As a result, the best estimated of K was taken as the mean value for the 
species group used for all combinations of I (home areas) and J (hunting areas). 
These mean values are listed on Table IX. 
FINAL VISITATION PREDICTION E9UATION 
In Chapter III, Equation l l was presented as a potential general equation 
for predicting the annual number of hunter-trips at a location comprising a 
known number of square miles (A
1
, A
2
, ... AJ') in each of J' hunting areas. 
After applying the available hunting data to attempt to establish values for the 
necessary parameters for Kentucky, the final form of the equation turned out 
to be: 
I' 
= E 
I=l 
J' -N AJ 
E P AJ K DIJ 
J=l I 
(33) 
where HT is the annual number of hunter trips for the species group in 
question. In order to estimate the grand total of all hunting trips, the equation 
would have to be applied seven times and the results summed over the species 
groups. I should range over the I' counties in Kentucky within 160 miles of the 
site. Hunting by out-of-state hunters just did not prove to be a major factor. 
The county populations are presented on Table II. K values by species 
are found on Table IX. The N AJ for each county are provided on Table IV. 
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TABLE V 
MULTR-METHOD !--ORDER OF REGRESSION FOR KA FOR SQUIRRELS 
Step Variables Included In Total R-Square 
Regression Eguation F-Value (Per Cent) 
(deleted 3 and 5) 
1 1,2,4,6,7,8 1. 92 9.26 
(deleted 8) 
2 1,2,4,6,7 2.30 9.18 
(deleted 6) 
3 1,2,4,7 2.75 8.73 
(deleted 4) 
4 1,2,7 3.37 8.01 
(deleted 7) 
5 1,2 4.80 7.59 
(deleted 2) 
6 1 6.94 5.55 
TABLE VI 
MULTR-METHOD II--ORDER OF REGRESSION FOR KA FOR SQUIRRELS 
Step Variables Included In Total R-Square 
Regression Equation F-Value (Per Cent) 
(enter 1) 
1 1 6.94 5.55 
(enter 2) 
2 1,2 4.80 7.59 
(enter 7) 
3 1,2,7 3.37 8.73 
(enter 3) 
4 1, 2, 3, 7 2.75 8.73 
(delete 2) 
5 1,3,7 3. 69 8.72 
(enter 5) 
6 1,3,5,7 2.89 9.14 
(enter 2) 
7 1,2,3,5,7 2.31 9.20 
(enter 8) 
8 1,2,3,5,7,8 1. 92 9.27 
(4 and 6 omitted) 
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TABLE VII 
MULTR-METHOD !--ORDER OF REGRESSION FORK A FOR SQUIRRELS 
USING LOG TRANSFORMATION 
Step Variables Included In Total R-Square 
Regression Equation F-Value (Per Cent) 
(deleted 3 and 5) 
1 1,2,4,6,7,8 8.74 31. 69 
(deleted 6) 
2 1,2,4,7,8 10.44 31. 41 
(deleted 4) 
3 1,2,7,8 12. 87 30.92 
(deleted 2) 
4 1,7,8 16. 89 30.40 
(deleted 7) 
5 1,8 21. 20 26.60 
(deleted 1) 
6 8 26. 62 18.41 
TABLE VIII 
MULTR-METHOD II--ORDER OF REGRESSION FORK FOR SQUIRRELS 
USING LOG TRANSFORMATIONA 
Step Variables Included In Total R-Square 
Regression Equation F-Value (Per Cent) 
(enter 8) 
1 8 26.62 18.41 
(enter 1) 
2 1,8 21. 20 26.60 
(enter 7) 
3 1,7,8 16.89 30.40 
(enter 3) 
4 1,3,7,8 13.14 31. 36 
(enter 5) 
5 1,3,5,7,8 10.51 31. 55 
(enter 2) 
6 1,2,3,5,7,8 8.74 31. 70 
(4 and 6 omitted) 
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TABLE IX 
MEAN VALUE OF K FOR EACH SPECIES GROUP 
Species Group U ( K Hunters Per 
Square Mile). 
Squirrel 0.09847 
Rabbit 0.04237 
Bobwhite 0.03903 
Farm Menace 0.21324 
Sectional Winged 0.04099 
Deer 0.00086 
Waterfowl 0.00398 
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Tb.e DIJ can be measured from tb.e location to tb.e county seat of each. of tb.e 
I counties. 
Tb.e economic value of tb.e recreational b.unting in a given area of a given 
species group can be estimated by multiplying HT by tb.e appropriate U AJ as 
found on Table IV for each county. Tb.e total economic value equals tb.e sum 
of tb.e species group economic values. In equation form 
I' 
= !; 
I=l 
J' 
!; 
J=l 
-N 
P A KU D AJ I J AJ IJ 
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(34) 
• 
CHAPTER VII 
SUMMARY AND APPLICATION 
PROCEDURAL SUMMARY 
This project was initiated with the goal of developing a methodology for 
estimating average annual values of (1) the number of recreational hunters and 
(2) the economic worth of their hunting. The procedure was to be based on 
natural habitat conditions prevailing in Kentucky. Both estimates were to be in 
the context of the marginal value associated with small changes in the total 
area available for hunting. The application motivating the study was 
estimation for use in benefit-cost studies of the economic value lost when an 
area is inundated by a reservoir, but the results could just as well be applied 
to natural areas destroyed or harmed in other manners. 
The basic hunting data source was information supplied by the Kentucky 
Department of Fish and Wildlife for the hunting year 1963 on interview cards 
from which it was feasible to estimate the number of hunter-trips from each 
home county into each hunting county by species group being hunted. The 
number of trips by category during 1963 were assumed to be representative 
of average annual trips. Supplemental data were obtained from published 
sources or measured from maps. 
' I •, 
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The gravity model was developed into a form applicable to the estimation 
of average annual hunter-trips. The economic value of a hunter-trip was 
implied from the visitation estimation equation by converting distance to 
economic units. 
The needed model parameters (14, 400 N's and 14, 400 K's for each 
species group) could not be directly estimated from the available data for 1963 
because the number of available data points was much less than the number of 
parameters. The number of parameters was first reduced to 120 N's and 120 
K's for each species group by assuming N and K to depend only on the county 
where the hunting was done. Even this simplification left only two or three data 
points per hunting county. Counties had to be aggregated into groups of similar 
suitability for hunting the species group. A group size of 30 counties, each 
including one quarter of Kentucky's 120 counties, was selected. An index unit 
value per hunter trip was estimated for each county from the available data on 
distances travelled to hunt the county. Each county was thus placed in an 
appropriate quartile group with respect to each species group. Regression 
based on the grouped data was used to estimate the K and N for each combination 
of quartile and species group. The values of N were found to vary with the 
index unit values in a consistent pattern while the values of K did not. A curve 
describing the relationship for the N was plotted by eye and used to estimate 
an N appropriate for each county-species-group combination from the county 
index value after the latter was smoothed by averaging with nearby counties. 
The average economic value of a hunter-trip into each county was estimated 
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by entering with county N a curve of quartile average economic value plotted 
against quartile N. Values by county for N and unit economic value are 
found for each species group in Table IV. 
Because the relationship between county index values and K was poorly 
defined and because independent rounding of K and N might not produce 
congruous results, values of K for each hunting county were estimated from 
tabulated values of N and the hunting data. No reliable pattern in these 
implied values of K could be found. Multiple regression seeking to estimate 
K as a function of variables selected to represent hunting area characteristics 
was not successful. As no pattern for varying K could be deduced from the 
available data, it was decided only to specify the average values by species 
group as provided on Table IX. 
EVALUATION OF RESULTS 
The scope of this project included evaluating K, N AJ' and U AJ so that 
Equation 33 could be employed to predict the average annual number of hunters 
per unit area of a hunting domain. The results could then be coupled with the 
results of Equation 34 to estimate the average annual economic value foregone 
when an area is lost to hunters through inundation by impoundment of a recre-
ation reservoir. This lost economic value is cost which should be included 
when evaluating the economic {easibility of a reservoir. 
The analysis did not provide an equation utilizing selected characteristics 
of counties hunted or origin counties for evaluating K. While such an equation 
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might yet be feasible if much more extensive hunting data were to become 
available, the estimation of mean values for K by species group were all that 
could be developed in this study. The values suggested in Table IX were 
developed for Kentucky and are not necessarily valid in other settings. 
The determined mean value of K for each species group (Table IX) and 
the values of N AJ and U AJ (Table IV) for each county with respect to each 
species group can be utilized to estimate the annual hunting pressures and 
associated economic value of hunting per unit area for any location in KentuckY, 
Such an application will be presented later in this chapter. Particular care 
should be exercised to insure that the assumptions incorporated into the 
methodology are recognized before the ·values of Tables IV and IX are used. 
Several of these are particularly important. The value of money is time 
variant, and all values are expressed in 1968 dollars. The propensity K was 
implicitly based on 1963 hunter preferences; future application may have to 
reckon with greater or lesser interest of the public in hunting. The values 
presented in Tables IV and IX are mean or average values and are not 
indicative of particular individuals or portions of counties. 
EXAMPLE APP LI CATION OF METHOD 
Rough River Reservoir: In order to clarify how Equations 33 and 34 can be 
utilized, an example application to Rough River Reservoir. In November, 
1956, the U S. Army Corps of Engineers began construction on a dam across 
Rough River, 89. 3 miles upstream from its junction with the larger River 
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(see Figure 8 ). The dam controls the run-off from a drainage area of 454 
square miles and was put into operation in December, 1960. The reservoir 
has a minimum pool of 1, 700 acres at elevation 465 feet (MSL datum) and a 
seasonal pool of 5, 100 acres at elevation 495 feet. The area flooded by the 
reservoir is primarily along the county line between Breckenridge and 
Grayson Counties. The annual operations sequence for the reservoir is to 
maintain minimum pool until about April 1 of each year and then, as run-off 
permits, raise the water level to the seasonal pool which is maintained until 
September when the pool is gradually lowered to the minimum pool level. The 
water level rises in the recreation 'off-season' as is required for the reservoir 
to function as a flood control structure. During the recreation season the 
seasonal pool level is maintained with a minimal fluctuation depiending on the 
inflow from the watershed and the downstream low flow requirements (24, 
pp. 26 and 29). 
Data for the Example: Since the reservoir is along the county line between 
Breckinridge and Grayson Counties and the area inundated by the impounded 
water is,sltaated in both counties, it was assumed that the hunting pressure which 
would exist in the.reservoir without the project and hence the economic value 
of the displaced hunting could best be estimated by using the average of the 
values of NAJ and U AJ for the two counties. The reservoir is approximately 
equal distance from the county seats of Breckinridge and Grayson Counties, 
Hardinsburg and Leitchfield respectively; thus the distance from the 
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ITEM 
K 
NAJ 
HT (2) 
AJ 
U AJ(l) 
V T(l) 
Squirrel 
0.09847 
2.76 
23. 211 
1.130 
209. 04 
TABLE X 
ROUGH RIVER RESERVOIR ESTIMATION SUMMARY 
SPECIES GROUP 
Rabbit Bobwhite Farm Menace Sectional Deer Waterfowl 
Winged 
0.04237 0.03903 0.21324 0.04099 0.00086 0.00398 
2.00 2.05 2.66 2.42 1. 62 3.20 
73.410 33.693 24.130 9.866 . 7. 108 0.433 
1. 945 1. 810 1.145 1.365 2.885 0. 885 
1137. 98 486.05 220.21 107.34 163. 44 3. 05 
GRAND TOTAL VALUE ---------- $2 327 10/year (1) ' . . 
(1) annual value in 1968 dollars/year 
(2) in hunters per square mile per year based on 1960 population. 
reservoir to any county was estimated as the mean of the distances estimated 
from that county to the two county seats. Equation 33 and 34 were applied using 
A J as the reservoir are1r at seasonal pool (7. 97 square miles) to determine 
the loss for each species group. Other values subscripted J were taken as the 
average of their values for the two counties. The total loss is the sum of the 
seven individul' species group losses. 
Calculations for the Example: Table X summarizes the calculations for 
hunting in the area inundated when Rough River Reservoir was impounded. The 
populations used to estimate HT from Equation 33 were taken from the 1960 
Census. Some increase in HT could be expected from more recent population 
growth. The K values were taken from Table IX as average values of K for 
the species group. The N AJ values are an average of the two respective 
county-N AJ values given in Table IV for each species group. The HT I AJ 
values were calculated by applying Equation 33 over all origin areas within 
160 miles of the reservoir and within the state of Kentucky. The 160 was 
found to be a reasonable cut-off distance, and out-of-state hunting proved 
negligible in the hunting data. The U AJ values shown in Tables X are an 
average of the two respective county U AJ values given in Table IV for each 
species group in 1968 dollars. The total economic value is the product of 
HT I AJ times 7. 97 (area of the reservoir in square miles) times UAJ. The 
grand total value is the sum of the individual total values. The values can be 
converted to 1960 dollars by multiplying each term by the factor!~:~ :o. 857. 
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Estimates over the Project Life: The estimates shown in Table X are an 
annual rate based on 1960 populations and 1968 dollars. Both population and 
dollar values are time variant. In order for the values to be commensurate 
with other values estimated in economic feasibility studies, they need to be 
converted to average annual values over the life of the reservoir project. The 
conversion requires a project life and a discount rate. For planning Federally 
supported projects, an average life of 50 or 100 years is generally used; the 
discount rate is revised annually and applied uniformly throughout the Federal 
agencies. For this example, a project life of 100 years and a discount rate of 
4. 625% was assumed. 
In a study on the Ohio River Basin for the U.S. Army Corps of Engineers, 
Arthur D. Little, Inc. (4, p. 132) presented population projections for subareas 
(smaller river basins that comprise the overall basin) of the Ohio River Basin 
for dates from 1960 to 2010 (4, p. 132). These estimates are based on the 
Census Bureau's Series III, "moderate growth rate" projections' (4, p. 5). 
The subareas that were in Kentucky within 160 miles of Rough River Reservoir, 
subareas M, N, 0 and P, had a combined projected average annual population 
growth-rate of 1. 2%. The total population of the four subareas in 1960 was 
2, 525, 830 and in 2010 it is projected to be 4, 553, 080. The population of any 
. future year t can be calculated by 
t - 1960 
pt = p 1960 (1. OlZ) 
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(35) 
If the value of an area for hunting is directly proportional to population 
(K, U AJ and N AJ are independent of time), the growth rate of the hunting value 
is the same aspopulation. Bianchi (5, p. 71) found that fishing per capita had 
a growth rate of 0. 6% per year. In contrast, the National Survey of Fishing 
and Hunting - 1965 (25, p. 65) showed an increase in hunting per capita from 
1955 to 1960 and a decrease from 1960 to 1965, hence; no increasing trend 
was used for K for hunting. 
By applytri!J standard discounting techniques, a unifovm percentage 
gradient series can be converted to an average annual value. The hunting values 
in Table X can be converted to 1960 dollars by multiplying by the factor 0. 857 
and then these values can be modified to average annual values by multiplying 
by 1. 24, the uniform-percentage-gradient series present worth factor for a 
life of 100 years, a growth-rate of 1. 2%, and a discount rate 6f 4. 625% (see 6, 
pp. 71 and 108). The average annual grand total value over the project life 
in 1960 dollars was (0. 857) (1. 24) (2327 .10) or 2440. 00 dollars. 
The average annual economic value of the area flooded by Rough River 
Reservoir for sport hunting of $2440/year compares with a value of 
$10, 410/year found by Bianchi for stream fishing. The value of fishing is 
seen to be much larger than that for hunting,a situation which might be 
anticipated where the long narrow arms of a reservoir cause 75. 6 stream 
miles to be inundated by water covering only 7. 97 square-miles. Average 
annual recreation benefits from the reservoir have been estimated to be 
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$997, 000/year (24, p, 29). Average economic values were $1. 53 per visitor-
day of reservoir recreation, $1. 83 per fisherman-day (5, pp. 111-112), and 
$1. 70 per hunter-day. 
Discussion of the Example: As is the case in the estimation of most economic 
effects, some basic assumptions must be made. The county wide average 
values of N AJ and U AJ in Table IV were assumed representative for the 
inundated area, and the values of K in Table IX were assumed representative 
of the species groups. No numerical considerations were given to the 
possibility that the presence of the reservoir might enhance the environment 
for particular species groups. Some of the area surrounding the reservoir 
was developed by State and Federal ~gencies for water oriented recreation. 
These developed areas would be determental for species such as deer and bob-
white, but they would also provide protection and an enhanced habitat for species 
such as squirrels, rabbits, and doves. The areas adjacent to the protected 
areas would realize a higher potential harvest for the species who adapt to the 
presence of human activity. Possibly the estimated loss to waterfowl should 
not be included since additional water would be present after the impoundment; 
however, Table X shows a value of only $3. 05. 
PROCEDURE FOR APPLYING THE METHOD 
The following procedural steps are recommended for those wishing to 
apply the methodology as developed to a specific geographical site. 
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1. Read the values for N AJ and U AJ from Table IV. 
2. Read the state wide average values of K for each species group from 
Table X. Consult a wildlife biologist familiar with the site and adjust the values 
of K upwards or downwards according to whether the site is believed to be 
better or worse than the; State average. Each species group should be 
adjusted separately. 
3. Measure the airline distance in miles from the site to the center 
of population (usually the county seat) of each county in Kentucky within 160 
miles. 
4. Apply Equation 33 to estimate the average annual number of hunters 
by species group, and apply Equation 34 to estimate the average annual 
economic value of the area for hunting by species group. 
5. Sum the species-group values for grand totals. 
ADDITIONAL RESEARCH POSSIBILITIES 
In developing a model for estimating hunter-trips to a prescribed 
location, a number of places were revealed where a more thorough analysis 
based on data more extensive than that available to this study could be used 
to improve the results. While the "individual" model is not very useful for 
practical applications because of its unreasonably large data requirements, a 
model aggregating individuals by type (age, sex, income, etc.) as.well as by 
geographical proximity may potentially be more useful. In a:given county, 
only a small fraction of the people go hunting. Further study may be able 
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to evaluate the amount of hunting done by people of various characteristics and 
use the results to predict hunting pressure from the number of people in each 
category in each county. 
Even with the county grouping, more extensive data VIO uld make it possible 
to regress directly for KPI' K AJ' NPI' and N AJ based on Equation 10 directly. 
Through a more moderate increase in available data, it would be possible to 
regress for K AJ and N AJ in Equation 13 without resorting to the quartile 
grouping and the other averaging or smoothing procedures followed in this 
study. From a theoretical standpoint, one would expect studies using a broader 
data base to produce more consistant and reliable results, but it is difficult 
to anticipate the effect the changes would have on the final estimates. 
Perhaps more fruitful would be studies relating U AJ and N AJ (such as 
those specified by geographical location in Table III) with the properties of the 
hunting area. The approach used in this study could well be extended to other 
parts of the country, and the results could be compared with those for Kentucky. 
Another line of potential research would be to study how the basic 
parameters (KAJ' KPI' N AJ and NPI) change with time. They would change in 
part because of time changes in the composition of populations and the nature of 
hunting areas. They would change in part because of long-term changes in 
public attitudes toward hunting. As more natural areas are rendered unsuitable 
for hunting, one wonders what changes will transpire in the nature, use, and 
value society places on remaining areas. One may also wonder about the 
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consequences of partial disruption of hunting areas, e.g. in areas around the 
reservoir periphery. 
Still additional research might concentrate on the adequacy and completeness 
of the implied travel cost model for estimating economic value of 
recreational hunting. 
A more direct approach to estimating the effects of reservoir construction 
on wildlife habitats would be to collect data at a proposed reservoir site for 
several years before impoundment begins. Such information would provide a 
betti'lr understanding of how to adjust county wide av<erages to reflect local 
habitat. Continuing the data collection after impoundment would allow more 
direct analysis of the reservoir effect on wildlife around its periphery and in 
areas only inundated for short periods of time. 
Another interesting line of inquiry would seek the development of a 
relationship between hunting and the level of national employment. The higher 
incomes that come with full employment may increase expenditures for hunting, 
but unemployment or people not working may increase their time (or economic 
incentive) to hunt. 
Another factor that might prove significant is competition among the 
different types of outdoor sports available in an area. In an area where only 
one type of outdoor recreation is available, the participation rate per capita 
may be higher than it would be for the same sport in another area where 
several outdoor sports were available. 
- 128 -
• 
• 
CONCLUSION 
Tb.e project derived a matb.ematical model based on tb.e widely used 
gravity approach and used available numerical data for estimating the 
parameters needed in evaluating the benefits lost by b.unters when an area is 
inundated by impounding water in a reservoir. Average values of K (based on 
number of hunters per square mile) were estimated for each of seven selected 
species groups (Table IX). A unit value (dollars per hunter-trip) for hunting 
eacb. of the seven species groups in each of the 120 counties was evaluated 
(Table IV). Values of N AJ were also estimated for all seven species groups in 
each of the 120 counties. These values can be combined as shown in the 
example for Rough River Reservoir (Table X) to provide an estimate of the 
economic value of hunting in a given area. The average annual value estimated 
in the example is in the order of $300 per square mile .. 
The tabulated values should be representative of their denoted species 
group and county. The values reflect an average of the cross section of hunters 
living in the county and should not be taken as representative of any individual 
hunter. The mathematical model sb.ould be generally applicable, but the values 
presented in Tables IV and IX only reflect average Kentucky hunting conditions . 
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